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Previous investigations in cystinuria have shown that methi- 
onine, cysteine, and homocysteine yield extra cystine in the urine, 
while cystine, homocystine, and glutathione are oxidized to inor- 
ganic sulfate (1, 2). Methionine and cystine, fed as constituents 


of casein and lactalbumin (3), are catabolized both qualitatively 
and quantitatively in the same way as when they are adminis- 
tered in the form of the free amino acids. Since casein and 
lactalbumin are not homogeneous proteins, it was thought desir- 
able to study the catabolism of crystalline egg albumin in cys- 
tinuria. 

Case History and Diet—The cystinuric patient A (cf. (3)) has 
been maintained at home on a weighed diet which contains some- 
what more protein and sulfur than previously. He rigidly adheres 
to his diet, as can be seen from the nitrogen and sulfur figures for 
the control periods (Table Il, Periods A48, A50, A52, and A54). 
Up to the present (January, 1938), there has been no evidence 
of new stone formation, as determined by frequent x-ray obser- 
vations. 

Analysis of Crystalline Eqg Albumin—We are indebted to Dr. 
H. O. Calvery for a preparation of crystalline egg albumin, desig- 
nated as Batch C; this was recrystallized once and denatured 
(cf. (4)). No special precautions were taken during the denatura- 
tion and subsequent drying to prevent oxidation of sulfhydryl 
groups (5), so that the cysteine content of Batch C is very low. 
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416 Cystinuria. VIII 


The analysis of Batcl. C was given in a previous paper (6) and is 
summarized in Table I. Inorganic sulfate 8, cystine 8S, cysteine 
S, and methionine S account for 98 per cent of the total S of the 
protein.! The N:S ratio of Batch C is 9, while the ratios N to 
methionine 8 and N to cystine plus cysteine S are 13 and 33 
respectively. 

Methods—The values in Table II were determined by the methods 
discussed in former publications (1, 2, 8). The Sullivan method 
was carried out as described previously ((9), cf. (10)) and also by 
Sullivan and Hess’ recent modification (11), designated in Table II 


TasLe I 
Analysis of Denatured Crystalline Egg Albumin, Batch (¢ 


per cent of 


per cent per centas S protein S 
Nitrogen... 14.9 
Total S*... 1.81 
Inorganic sulfate 8 ’ ; 0.20 
Protein 8S (by difference)..... 1.61 
Ere 5.2 1.13 70 
Cystinet..... 4 ~» 1.38 0.38 24 
C yeteinet + Se aS peaceeeal 0.25 0.07 4 
ine sie ratio 
N to protein 8 9 
‘* methionine S ns 13 
“« “ eystine + cysteine S , 33 
Methionine S to cystine + cysteine S , 2.5 


° Pregl- Saschek method (7). Determinations by the Benedict method 
give low results on account of the high methionine content. 
+t Determined photometrically (8). 


as the Sullivan B method. With the Sullivan B procedure, the 
effect of interfering substances (2, 9, 12) is decreased, but not 
entirely eliminated, since the values for cystine during control 
periods were still about 5 per cent lower than by the photometric 
method (8). During experimental periods the discrepancy be- 
tween the two methods was raised to about 10 per cent, apparently 
due to the increased excretion of substances which interfered with 


‘Since this paper was submitted for publication, we have obtained 
evidence that cysteinesulfinic acid accounts for about 3 per cent of the 
protein S denatured egg albumin. 
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color development in the Sullivan B procedure. This conclusion, 
viz. that the photometric method gives correct results, seems justi- 
fied, because in repeated experiments with a number of cystinuric 
patients agreement was obtained between the photometric and 
Lugg-Sullivan* methods both in control and experimental periods. 
For the calculations in Tables III to V, the cystine values obtained 
by the photometric method were used. 

Metabolic Observations——The excretion of the various urinary 
constituents (see Table II) was constant during the control periods. 
Throughout the experiment there was little change in the volume 
of the urine. During the experimental periods, there was a slight 
rise in the excretion of ammonia and of undetermined nitrogen. 
These values were omitted from Table II. Determinations for 
homocystine carried out by a modification of the Folin photo- 
metric method (2, 8, 13) were always negative. Tests for sulf- 
hydryl compounds in the urine were negative throughout the 
experiment. 

Creatinine Excretion—-Both during control and experimental 
periods there were only minor variations in the excretion of pre- 
formed creatinine, indicating conditions satisfactory for metabolic 
experimentation. Ingestion of 100 gm. of crystalline egg albumin 
did not result in a rise in the creatinine output. 

Methionine (Periods A49 and A49a)—Lewis, Brown, and White 
(14) have recently found that, when their cystinurie patient 
received a high protein diet, the extra cystine excretion after the 
administration of methionine was less than that observed under 
similar conditions when a diet of lower protein content was fed. 
In our earlier series of experiments (1) the total N, total 8, and 
cystine excretion of patient A were about 6.0, 0.56, and 0.76 gm. 
per day, respectively, during control periods ((1) Table I, Periods 
9, 11, 13, 15, etc.), while in the present series the daily excretion 
of total N, total 8, and cystine was about 8.0, 0.70, and 1.0 gm., 
respectively. It was therefore desirable to establish the sulfur 
partition after the administration of methionine at the higher level 
of protein intake, since we intended to use the data for the evalua- 
tion of the egg albumin experiment. 

? For the determination of cystine in urine by the Sullivan method, we 


prefer (in spite of the somewhat low results) the Sullivan B procedure to 
the more troublesome Lugg-Sullivan method. 
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In Period A49 (cf. Table II) the same amount of methionine 
(8 gm.) was fed as in Period 14 ((1) Table I). A summary and 
an analysis of the data are given in Tables III and IV (the method 
of calculation was described in detail in previous publications 
(1, 3)). It can be seen that about 15 per cent less cystine and 
about 15 per cent more inorganic sulfate were excreted at the higher 
protein level of the present experiment.* 

The high undetermined neutral 8 in the methionine experiments 
is apparently not due to the excretion of an S—-S compound other 
than cystine, since negative results were obtained with the modi- 
fied Folin photometric method (cf. (2, 8, 13)). (This method 
clearly showed the presence of homocystine in the urine after feed- 


Taste III 


Extra Nitrogen and Sulfur in Experimental Periods 


dl-Methionine, Periods Egg Albumin C, Periods 
A49, A49a A53, A53a 
Fed Excreted Fed Excreted 
gm. gm. per cent gm. gm. per cent 
Amount 8.0 100.0 
Extra N... 0.75 |(—3.0)* 14.9 7.5 50 
as total S : 1.72 1.07 62 1.81 1.09 
SO,-8 0.20 0.20t 100t 
“protein 8 1.61 | 0.89 55 


* Nitrogen-sparing action. 
+ It is assumed that the inorganic sulfate was completely excreted 


ing homocystine and homocysteine (2).) The fact that in all our 
experiments dl-methionine was fed may account for the high excre- 
tion of undetermined neutralS. This will be checked in the future 
with the d and / isomers. 

In agreement with former experiments, a nitrogen-sparing action 
of methionine was observed (cf. Table III). 


* We did not have the opportunity to carry out a cysteine experiment 
on the present diet. Lewis has shown that the catabolism of cysteine 
varies with the protein intake in the same way as that of methionine 
The partition of the extra 8 after cysteine feeding found in the earlier 
experiment ((1) Table I) was therefore recalculated for the present protein 
intake; on this basis cysteine would yield 55 per cent of the extra 8 as 
cystine and 45 per cent as inorganic sulfate. 


nesters beoelii ace 
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Crystalline Egg Albumin (Periods A53 and A53a)—The ingestion 
of 100 gm. of Batch C resulted in a considerable increase in the 
excretion of cystine and of inorganic sulfate (cf. Table II). The 
excretion of the extra S and of extra cystine continued for several 
days in the adjustment period. 

The metabolic data are summarized in Tables III and IV. The 
excretion of extra N and extra protein S was 50 and 55 per cent, 
respectively, of the amounts fed, so that the N to protein 8 ratio 
of the fed, catabolized, and “stored’’ protein was about the same 
(f.e.9). It is possible that the uniformity of the N:S ratio would 
be altered considerably if the feeding experiment was repeated 
under different dietary conditions, but on the other hand, this 


TaBLe IV 


Extra Cystine and Partition of Extra Sulfur in Experimental Periods 





Extra 5 excreted as Extra 
Subst Period N » J 
Substance eriod No. | | Undeter- ine 
Total | Inorganic ; . . ex- 
s | 80,-8 a Cystine 3 | eted 
| — 
gm. | gm. | | A gm. | a | gm. ba! gm. 
dl-Methionine* | Al4, Alda 1.10 0.37 | 33 | 0.17 15 | 0.55, 50 | 2.03 
- A49, A49a 1.07 0.43) 40 0.19 18 | 0.45 42 | 1.71 


Egg Albumin C A53, A53a 0.8970.51t 57 0.08 9 0.30 34 1.12 


© Cf. (i). 
+ Corrected for 0.20 gm. of inorganic sulfate S fed (cf. Table III). 


uniformity may have some relationship to the catabolism of egg 
albumin. Clearly, further experiments are needed to decide this 
question. 

In the experiment with Batch C, the extra cystine (1.12 gm.) 
accounted for 34 per cent and the inorganic sulfate for 57 per cent 
of the extra protein S (Table IV). These data and the analogous 
data after the feeding of casein and lactalbumin ((3) Table V) 
make it evident that the excretion of extra cystine and the parti- 
tion of the extra S are dependent on the distribution of the 5 
between cystine and methionine in these three proteins. This 
point can be more conclusively demonstrated by calculating the 
partition of the extra S as described previously in detail for the 
casein and lactalbumin experiments ((3) Tables VI and VII). 
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The partition of the extra 5 in the egg albumin experiment is 
calculated in Table V and is in agreement with that actually 
found.* 

It appears that, under the conditions of this experiment, cystine 
and methionine (and cysteine) fed as denatured crystalline egg 
albumin were catabolized both qualitatively and quantitatively 
in the same way as when they were administered in the form of the 
free amino acids. No appreciable reduction of cystine to cysteine 
seems to have occurred, since all of the extra cystine excreted was 


TasBLe V 
Egg Albumin (Periods A53 and A&8a). Partition of Extra Sulfur, 
Calculated and Found 


The values are given in gm. 


’ . : Undeter- "oo. 
Partition of extra S calculated Inorganic Cystine : 

; : ; mined a (ystine 

from catabolism of 80-8 nauteel 8 8 
0.20 gm. sulfate S + 0.20 0.00 0.00 0.00 
0.21 “* cystine ‘‘* + 0.20 0.01 0.00 0.00 
0.04 “ cysteine “tft + 0.02 0.00 0.02 0.08 
0.62 ‘* methionine Sf 0.25 0.11 0.26 0.98 
Calculated 0.67 0.12 0.28 1.06 
Found (cf. Table IV) 0.71 0.08 0.30 1.12 


* Calculated on the basis that cystine is catabolized 94 per cent to 
inorganic sulfate and 6 per cent to undetermined neutral 8 ((1) and unpub- 
lished experiments at the present level of N intake). 

+t Calculated on the basis that cysteine is catabolized 45 per cent to 
inorganic sulfate and 55 per cent to cystine (cf. foot-note 2). 

t Caleulated according to Table IV (Periods A49 and A49a). 


apparently derived from the catabolism of methionine (and pre- 
formed cysteine). 

The results of the egg albumin experiment again indicate that 
one of the pathways of methionine catabolism is its conversion 
into cysteine, and that the cystine excreted in cystinuria is derived 
mainly from dietary methionine. 


‘Such calculations are significant only for protein superimposition 
experiments of short duration, rather than for cases in which a higher 
protein level is established over longer periods of time 
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We are indebted to the patient, Mr. L. P., for his cooperation 
which made these studies possible. 


SUMMARY 


1. Superimposition experiments with methionine in a case of 
cystinuria showed, in agreement with Lewis ef al., that the excre- 
tion of extra cystine diminishes as the protein content of the diet 
is increased. 

2. The distribution of the sulfur is reported for a preparation of 
denatured crystalline egg albumin. 

3. Feeding experiments with egg albumin showed that cystine 
and methionine (and cysteine) were catabolized both qualitatively 
and quantitatively in the same way as when they were adminis- 
tered in the form of the free amino acids. This is in agreement 
with the results of the feeding experiments with casein and 
lactalbumin. 
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Experiments in cystinuria have shown that extra cystine is 
produced by administration of methionine, cysteine, and homo- 
cysteine, but not of cystine, homocystine, and glutathione (1-3). 
The results with the free amino acids were duplicated with respect 
to methionine and cystine by feeding experiments with three 
proteins: casein, egg albumin, and lactalbumin (4, 5), and it 
appeared that the cystine and methionine of the proteins were 
catabolized in the same way as the free amino acids. However, 
the behavior of cysteine as part of a protein molecule could not be 
readily investigated with food proteins, since they contain only 
small amounts of cysteine. It was therefore necessary to prepare 
a reduced protein. 

Lactalbumin was chosen for this purpose, since it contains about 
equal amounts of cystine and methionine and only traces of pre- 
formed cysteine. The feeding experiments with lactalbumin and 
reduced lactalbumin are reported in this paper, and it will be seen 
that the excretion of extra cystine is much greater after the feeding 
of reduced lactalbumin. Cystine and cysteine as part of the same 
protein molecule behave as two different amino acids with sepa- 
rate catabolic pathways. 


* This report is from a dissertation submitted by Beatrice Kassell in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy 
in the Faculty of Pure Science, Columbia University. 


423 











424 Cystinuria. IX 


Case History and Diet—The experiments were carried out on 
cystinuric patient A (cf. (1, 5)); the dietary conditions were the 
same as those described in Paper VIII (5) of this series. 

Preparation and Analysis of Reduced Lactalbumin—We are 
indebted to Dr. G. C. Supplee for the lactalbumin (Labco 7- 
HAAX) used in these experiments. 

Reduction of lactalbumin in 500 mg. batches according to the 
technique of Mirsky and Anson (6) gave preparations which, on 
hydrolysis, were found to contain about 1 per cent cysteine (7.e. 
a reduction of about one-third of the cystine). 

After considerable experimentation, the following technique was 
developed which yielded preparations in which about 80 per cent 
of the cystine was reduced. A 500 cc. brown bottle was fitted 
with a 3-hole rubber stopper carrying a separatory funnel, a gas 
inlet tube reaching to the bottom, and a gas outlet tube. Not 
more than 10 gm. of lactalbumin was ground with water and trans- 
ferred to the bottle, a total of 100 cc. of water and a few drops of 
caprylic aleohol being used. A solution of 5 ec. of freshly distilled 
thioglycolic acid in 20 cc. of water was neutralized in ice under 
N; to pH 7 with 2 N KOH, diluted to 75 cc., and added through the 
funnel, with N: passing through the bottle.! The stream of gas 
was continued while the mixture was adjusted to pH 7.2; brom- 
thymol blue and phenol red were used as external indicators. The 
connections were closed and the bottle shaken vigorously in a 
mechanical shaker for 16 hours; the room temperature was about 
30° when these experiments were carried out. A stream of Ne 
was again passed through the bottle and 18 cc. of a 1:1 solution of 
freshly distilled trichloroacetic acid added through the separatory 
funnel. The mixture was transferred to a 200 ec. bottle, centri- 
fuged, and washed twelve times as follows: seven times by sus- 
pending the solid in 150 cc. of water and adding 15 ce. of 1:1 tri- 
chloroacetic acid, once with 150 cc. of acetone containing 0.15 per 
cent HCl and 1 per cent trichloroacetic acid, twice with the same 
amount of acetone containing only 0.15 per cent HCl, and finally 
twice with about 170 cc. of petroleum ether.2 The protein was 
dried in the centrifuge bottle in vacuo (CaChk, NaOH, paraffin), 


! On addition of the thioglycolic acid, the solution takes on a violet color, 
which gradually increases, but disappears on acidification with trichloro- 
acetic acid. 

? The washing with petroleum ether is necessary to remove acetone, which 
would interfere with the determination of methionine as volatile iodide. 
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and drying in a desiccator* continued after powdering until free 
from petroleum ether. 

A considerable number of 10 gm. batches can be reduced at one 
time, and can be allowed to stand for a while in the closed bottles. 
We found it inadvisable, however, to carry out centrifuging and 
washing with more than two batches at a time, since speed is 
essential in obtaining a product with a high degree of reduction. 

The preparations of reduced lactalbumin contained 4.8 to 5.2 
per cent moisture, and traces of ash and HCl. Their content of 
total S, methionine, and cystine plus cysteine was practically the 
same as that of lactalbumin (cf. Table 1). Reduced lactalbumin 
contained only traces‘ of thioglycolic or dithiodiglycolic acid; the 
specific color test (10) for these substances was always negative. 

The yield of reduced lactalbumin was about 97 to 98 per cent, 
the greater part of the loss being mechanical. However, on com- 
bining the three acetone washings, a small amount of a snow-white, 
fluffy precipitate settled out. From 190 gm. of lactalbumin, a 
total of 3 gm. of this more soluble fraction was obtained. This 
fraction contained 1.71 per cent of total 8, 3.1 per cent methionine, 
2.9 per cent cysteine, 0.9 per cent cystine, and not more than a 
trace of thioglycolic acid. Methionine, cystine, and cysteine 
accounted for 98 per cent of the sulfur. 

The total S in lactalbumir and in the various preparations of 
reduced lactalbumin was determined by the Pregl-Saschek method 
(11), methionine and cystine plus cysteine by the Baernstein 
method (8), and cystine and cysteine separately by the Folin 
photometric method (7). The Sullivan method was also used, 
but the results could not be interpreted quantitatively, since this 
method is not suitable for the analysis of mixtures of cystine and 
cysteine (cf. (8)). In some preparations of reduced lactalbumin 
cysteine was estimated by letting the protein react with dithiodi- 
glycolic acid (at about pH 4) and determining photometrically 
(7, 12) the amount of thioglycolic acid formed.’ The deter- 


* If the reduced protein is dried at higher temperature, even in vacuo at 
78°, some reoxidation of —SH takes place. 

* Not more than 0.1 per cent of thioglycolic acid, calculated from the 
value of H.S sulfur in the Baernstein determination (8). Dithiodigly- 
colic acid yields about 80 per cent of its S as H,S during HI digestion (9). 

* The method has not given satisfactory results with denatured crystal- 
line egg albumin. 








426 Cystinuria. IX 


mination of —SH groups in the reduced proteins yielded slightly 
higher values for cysteine than were obtained after hydrolysis. 
This is not unexpected, since losses of cysteine are apt to occur 
during acid hydrolysis owing to humin formation (13). The 
hydrolysis of the proteins was carried out with 6 Nn HCl under N; 
for 6 to 8 hours in an oil bath at 130°, and the photometric deter- 


TABLE | 


Analysis of Lactalbumin (Labco 7-HAAX) and Reduced Lactalbumin 
(Batch 17) 








| Lactalbumin bumin® 
per cent per cent 
el as syh a themaucns ndads cost + gks 9 14.6 14.0 
i <2 CO atts sss cctas ewacosdwie oh 1.41 1.43 
No EE ey | ee ber Be + 0.60 0.58 
RET ere es ean 0.14 
EE TE civecah chsns amine sh bs cebse4 ere 0 0.67 
td iy carte he bas 404aos 53 vai aoe 6 2.8 2.7 
ECNUEE, ou So os Sdbeh cee tee decces ae ccosh 3.1 0.53 
NU et dk whi nnn VINCE ee a leSs. dane swe 0 2.5 
ratio ratio 
a 5 a dak doatbabihelble te obi 10 10 
bh ET SN RE Se 24 24 
PN ee aad Bed bin oad Gen skenacsane 18 100 
aio. se SSA ACOPAPCP Rey reererree 21 
Methionine S to cystine S.................. 0.7 4 
“ ‘* + eysteine S to cystine 8.... y 
per cent of | per cent of 
total S total S 
Methionine 8........ : van veltetassveul ae 41 
A ee Sty ers) | 10 
ats So iuks ALLS ia ode Shwe sisson | 47 
* Cf. (7). 


minations completed within 1 hour, because reoxidation of cysteine 
occurs if the hydrolysate is allowed to stand. 

Batch 17 of reduced lactalbumin was fed to the patient; some 
details regarding its analysis have been presented previously (7) 
and the results are summarized in Table I. 

Metabolic Observations—The procedure, methods, and basal 
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level of N and S intake were the same as described in Paper 
VIII (5). The metabolic data are presented in Table II. 
Throughout the experiments there was little change in the volume 
of the urine. There was a slight rise in the excretion of NH; 
during the feeding of lactalbumin (Period A55); a rise from 0.3 
to 0.6 gm. of NH;-N per day was observed during the feeding of 
reduced lactalbumin (Period A57), probably due to the traces 
of HCI present in reduced lactalbumin. The values for volume, 
NH;-N, undetermined N, and the figures for cystine obtained by 
the regular Sullivan method (ef. (5)) were omitted from Table IT. 
Tests for sulfhydryl compounds in the urine were negative 
throughout the experiments. 

Creatinine Excretion—Both during control and experimental 
periods there were only minor variations in the excretion of pre- 
formed creatinine, indicating conditions satisfactory for metabolic 
experimentation. Ingestion of 100 gm. of lactalbumin or reduced 
lactalbumin did not result in a rise in the creatinine output. 

Lactalbumin (Periods A545 and Ad5a)—As in the previous experi- 
ment ((5) Periods A26 and A26a), the ingestion of 100 gm. of 
lactalbumin resulted in a considerable increase in the excretion 
of inorganic sulfate and a small rise in that of cystine. In the 
present experiment, cystine returned to the basic level on the 2nd 
day of the adjustment period (No. A55a), while in the former 
experiment, on a lower basal N intake, the excretion of cystine 
continued at a slightly elevated level for several days ((5) Pe- 
riod A26a). This more rapid return to the control level is similar 
to the findings of Lewis, Brown, and White (3) on the difference 
in the behavior of the sulfur amino acids when superimposed on 
basal diets of varying N content. The excretion of total extra N 
and 8 (ef. Table III, calculated as described previously (4)) was 
greater in the present experiment (58 and 52 per cent respectively 
as compared to 35 and 48 per cent in the earlier experiment). 
Consequently, the N:S ratios of the lactalbumin fed, catabolized, 
and “stored” were 10, 12, and 9, while these ratios were 10, 8, 
and 13 in the former experiment (cf. (4) Table IV). The differ- 
ence in the ratios is mainly due to greater excretion of extra N on 
the higher basal level of the present experiment, while the excre- 
tion of extra 8 was only moderately increased. 

The partition of the extra S is reported in Table IV. Compared 
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to the former experiment on lactalbumin, inorganic sulfate ac- 
counts for a greater part of the extra S (81 instead of 67 per cent), 
while cystine S accounts for somewhat less (16 instead of 20 per 
cent). The results of the two experiments on lactalbumin there- 
fore indicate that, at different levels of basal N intake, the behavior 
of cystine and methionine as components of lactalbumin is similar 
to that of the free amino acids (cf. (3, 4)). The 8 partition in the 
present experiment on lactalbumin (Periods A55 and A55a) was 
calculated on the basis of the results obtained with methionine at 








Tape III 
Exira Nitrogen and Sulfur in Experimental Periods 
| Amount of extra N Amount of extra S 
Period No. Substance fed (100 gm.) : 
Fed Excreted Fed Excreted 
| gm. gm. aout gm. gm. ont 
A55, A55a | Lactalbumin 14.6 8.5) 58 | 1.41 | 0.73 | 52 


A57, A57a | Reduced lactalbumin 14.0 | 8.7. 62 | 1.43 0.71 | 50 


TasBie IV 
Extra Cystine and Partition of Extra Sulfur in Experimental Periods 











Extra 8 excreted as Extra 





Substance Taal ; — U - __ | a 
norganic | Undetermin 
80,-8 neutral 8 Cystine 8 creted 
gm. gm. \per cent, gm. |per cent. gm. |per cent! gm. 
| i 


Lactalbumin (A55, 
A55a). . 0.73 0.59 81 |0.02; 3 | 0.12) 16 | 0.45 
Reduced lactalbu- 

min (A57, AS57a). 0.71 0.34| 48 (0.09) 13 | 0.28| 39 | 1.05 





the higher basal N intake ((5) Table IV; the method of calculation 
was described previously). Table V shows that the partition of 
the extra S calculated is in agreement with that actually found. 
It appears, therefore, that during the metabolism of lactalbumin, 
no appreciable reduction of cystine to cysteine occurs, since in both 
experiments on lactalbumin all of the extra cystine excreted was 
apparently derived from the catabolism of methionine. 

Reduced Lactalbumin (Periods A57 and Ad7a)—The ingestion 
of 100 gm. of reduced lactalbumin resulted in a considerable 
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increase in the excretion of cystine and a small rise in that of 
inorganic sulfate (cf. Table II). In contrast to the preceding 
experiment with lactalbumin, the excretion of extra cystine and 
of extra S continued for several days in the adjustment period 
(Table II, Period A57a). Since both proteins contained the same 
amount of total S and methionine S, and were superimposed upon 
the same basal diet, the different rate of excretion of extra S and 
extra cystine after the feeding of reduced lactalbumin and lactal- 
bumin is apparently associated with their content of cysteine and 


























TABLE V 
Lactalbumin and Reduced Lactalbumin Partition of Extra Sulfur, Calculated 
and Found 
The values are given in gm. 
— . | Und ¢ (eiRspoas eps 
Parte Setbomamst tt | Tggesie | Viined | Cystine | Cystine 
Lactalbumin (Periods A55 and A55a) 
0.43 gm. cystine S* + 0.40 | 0.03 | 0.00 | 0.00 
0.31 “ methionine S* 0.13 | 0.05 0.13 | 0.49 
Calculated 0.53 | 0.08 | 0.13 | 0.49 
Found (cf. Table IV) 0.59 | 0.02 | 0.12 0.45 
Reduced lactalbumin (Periods A57 and A57a) 
0.07 gm. cystine S* + 0.06 | 0.01 | 0.00 | 0.00 
0.34 “ eysteine S* + 0.15 | 0.00 | 0.19 0.70 
0.29 “ methionine S* 0.12 0.05 | 0.12 | 0.46 
Calculated 0.33 | 0.06 | 0.31 | 1.16 
Found (cf. Table IV) 0.34 | 0.09 | 0.28 1.05 








* For calculations cf. (5) Table V. 


cystine, respectively. The behavior of reduced lactalbumin and 
lactalbumin is similar to that of cysteine and cystine, the extra 8 
derived from the catabolism of the latter being excreted more 
rapidly (1, 3). 

The excretion of extra N and extra total S was almost identical 
after reduced lactalbumin and lactalbumin (cf. Table III). The 
N:S ratios of reduced lactalbumin fed, catabolized, and “‘stored’”’ 
were 10, 12, and 7 (10, 12, and 9 with lactalbumin). 
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However, the partition of the extra S (Table 1\V) after the feed- 
ing of reduced lactalbumin was quite different from the partition 
after lactalbumin. The excretion of extra cystine after reduced 
lactalbumin was more than twice as much as after lactalbumin 
(1.05 gm. instead of 0.45 gm., corresponding to 39 and 16 per cent 
of the total S, respectively). Inorganic sulfate accounted for 
48 per cent of the total S (81 per cent after lactalbumin). 

These data make it evident that the excretion of extra cystine 
and the partition of the extra 8 are dependent on the distribution 
of the S between methionine, cysteine, and cystine in these two 
proteins. Since the total S and methionine contents of the two 
proteins are the same, the greater excretion of cystine after reduced 
lactalbumin is associated with its cysteine content. This is in 
line with the observations on the metabolic behavior of cystine 
and cysteine, which showed that only the latter yielded extra 
cystine (1,3). The agreement between the partition of the extra 
S calculated (cf. (5) foot-note 3) and found (ef. Table V) furnishes 
additional evidence. 

The experiments with casein (4), lactalbumin ((4), and Pe- 
riod A55), and crystalline egg albumin (5) have shown that cystine 
and methionine fed as constituents of these proteins are catabo- 
lized both qualitatively and quantitatively in the same way as the 
free amino acids, and in the same ratios in which they are present 
in the individual proteins. The experiment with reduced lactal- 
bumin furnishes similar evidence with respect to cysteine, and 
also supports the previous conclusion that little if any reduction of 
cystine to cysteine occurred during the catabolism of these 
proteins. 

The experiments with the free amino acids (1) indicated that 
cystine and cysteine should be considered as two individual and 
separate amino acids. The results with reduced lactalbumin show 
that cystine and cysteine, also as part of the same protein, may 
behave as two different amino acids with separate catabolic path- 


ways. 
Reduced glutathione fed to cystinuric patients is, unlike cyst- 
eine, almost completely oxidized to inorganic sulfate (1, 14). 
It was therefore concluded (1) that the metabolic behavior of an 
amino acid may vary markedly, depending upon whether it is 
catabolized as the free amino acid or in combined form as a pep- 
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tide. The present experiments would seem to confirm this view, 
if only free cysteine is absorbed after the ingestion of reduced 
lactalbumin. However, if cysteine is also absorbed in peptide 
form, it would appear that the metabolic behavior of cysteine 
peptides is the same as that of cysteine, glutathione being the 
exception. 

The results of the experiments with reduced lactalbumin demon- 
strate that the cystine excreted in cystinuria is derived from methi- 
onine and preformed cysteine. 


We are indebted to the patient, Mr. L. P., for his cooperation, 
which made these studies possible. 


SUMMARY 


1. The preparation and analysis of reduced lactalbumin are 
reported; about 80 per cent of the cystine of the original lactal- 
bumin was reduced to cysteine. 

2. The metabolism of lactalbumin and of reduced lactalbumin 
was investigated in a case of cystinuria. The patient was on a 
basal diet of somewhat greater N content than that used in a pre- 
vious lactalbumin experiment. 

3. The results of the two experiments with lactalbumin indicate 
that, at different levels of basal N intake, the metabolic behavior 
of methionine and cystine as components of a protein is similar 
to that of the free amino acid. 

4. A larger amount of extra cystine was excreted after reduced 
lactalbumin than after lactalbumin. 

5. The total S catabolized was accounted for by the catabolism 
of methionine, cysteine, and cystine. Under the conditions of the 
experiments, cysteine, as well as methionine and cystine, fed as a 
constituent of reduced lactalbumin and of lactalbumin, was cata- 
bolized qualitatively and quantitatively in the same way as the 
free amino acid. 

6. The experiment confirms the previous conclusion that little 
if any cystine is reduced to cysteine during the enzymatic splitting 
and catabolism of the proteins investigated. 

7. Cystine and cysteine, as part of the same protein, behave as 
two different amino acids with separate catabolic pathways. There 
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are probably separate mechanisms for the oxidation of S—S and 
—SH compounds. 
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8. The results indicate that the cystine excreted in cystinuria 
derived from methionine and preformed cysteine. 
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THE DISTRIBUTION OF THE SULFUR IN CASEIN, 
LACTALBUMIN, EDESTIN, AND PAPAIN* 
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(From the Departments of Biological Chemistry and Urology, College of 
Physicians and Surgeons, Columbia University, and from the 
Department of Chemistry, New York State Psychiatric 
Institute and Hospital, New York) 


(Received for publication, May 12, 1938) 


Methods for the determination of cystine, cysteine, methionine, 
and sulfate in proteins have been discussed in recent publica- 
tions (1-3). A system of analysis has been developed in which 
each of these constituents is determined by at least two inde- 
pendent methods. In this paper, a comparison of the results 
obtained by the various methods and some experiments on the 
effect of the conditions of hydrolysis on the cystine determinations 
are presented. Hydrolysis with HCl gives satisfactory results, 
but for different proteins the optimum time of hydrolysis varies. 
Hydrolysis with H.SO, has not proved suitable for cystine deter- 
minations, particularly by the Sullivan method. The results with 
reduced lactalbumin make it obvious that the Sullivan method 
cannot be used for protein hydrolysates which contain a mixture 
of cystine and cysteine. 

The sulfur distribution of a number of proteins is reported. 
With casein, lactalbumin, and reduced lactalbumin it is possible 
to account for all of the sulfur, while with edestin and a prepara- 
tion of papain considerable amounts remain undetermined. 

Hydrolysis and Methods—F¥or the cystine determinations, the 
proteins were digested in an inert atmosphere (CO, or N.) with 
6 N HCl, 6 n H,S0,, or 42 per cent formic acid in 20 per cent HC! 


* This report is from a dissertation submitted by Beatrice Kassel! in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy 
in the Faculty of Pure Science, Columbia University. 
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(4) at 130° for varying lengths of time.' HI digestion for the 
Baernstein determinations was carried out as described pre- 
viously (3). 

The HCl and H.SO, digests were filtered from the humin and 
analyzed as soon as the hydrolysis was completed, since it was 
noted that losses of cysteine may occur if the hydrolysate is allowed 
to stand. 

The determinations by the photometric method (cystine and 
cysteine separately), by the Baernstein method (methionine as 
volatile iodide and as homocysteine, cystine plus cysteine, sulfate 
as H.S8), and the gravimetric determination of sulfate were carried 
out as described previously (1, 3). 

For the Sullivan method, the procedure described by Brand, 
Harris, and Biloon (5) was followed, but 10 seconds*® were allowed 
between the addition of naphthoquinone sulfonate and sulfite. 
Suitable aliquots of the hydrolysates were neutralized to pH 7 
shortly before the determination. The recent modification recom- 
mended by Sullivan and Hess (8) for the determination of cystine 
in urine was tried, but the results indicated that it is not advisable 
to use this modification with protein hydrolysates. In proteins 
containing cysteine, the “cystine’”’ determination by the Sullivan 
method is too high, since cysteine develops about 1.5 times (9, 10) 
as much color as cystine (cf. ‘Reduced lactalbumin’’). 

In a number of instances, HCI or HeSO, hydrolysates were 
treated with cuprous chloride (11). The results obtained both 
with the photometric and Sullivan methods on solutions of these 
precipitates after removal of copper (cf. (1)) were consistently low 
(70 to 80 per cent) and these values are not reported. 

Total 8 was determined by the Pregl method as described by 
Saschek (12), except that the BaSO, was ignited. Up to 60 mg. of 
protein, distributed between two boats, can be burned in the Pregl 
apparatus without difficulty. About 1.5 ec. of Pregl’s peroxide 
solution are used on the spiral and the combustion is allowed to 
proceed slowly for 1 to 2 hours. 


1 In some experiments, the CO, passed from the HCl! hydrolysate into 
an absorber containing a 20 per cent solution of CdC),, but there was 
never any evidence of H,S formation. 

2 The 10 second interval was originally recommended by Sullivan (6). 
Later Rossouw and Wilken-Jorden (7) studied the timing of the Sullivan 
reaction in detail. 
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A direct determination of —SH groups in the unhydrolyzed 
protein (cf. (13-15)) was carried out only with reduced lactalbumin. 
The protein was treated with a large excess of dithiodiglycolic 
acid at pH 4.0 and room temperature, being stirred with N» 
for 10 to 15 hours; the thioglycolic acid formed was determined 
photometrically (1, 2) after precipitation of the protein by tri- 
chloroacetic acid. 

The results are reported in Tables I and IT. 


TABLE | 
Effect of Hydrolysis on Cystine Determinations 
The values are the average of determinations on two to four hydroly- 
sates. 


Hydrolysis | Lactalbumin Edestin ; cystine 
| Cysteine Cystine Cystine, Photo- . 
; ™ ¢ Sans Sullivan 
Ss , u 
Acid Time — ullivan metric | method 


method method | 


| Photometric method 


hrs per cent per cent per cent per cent per cent 
6n HCl } 1.27 0.85 
6“ « 6 0 | 2.87 2.68 1.21 1.19 
a 6 0 3.06* 
— = 8 0.27 | 2.80 3.12 1.20 1.08 
—s ‘ 0.02* | 3.06* 
ge « 15 0.23 | 2.46 2.28 
I Ri 4s 0 2.87 (2.90)t 
6 “ H,SO, ~ 0 2.79 1.96 1.17 0.61 
oi 15 0 2.76 1.95 1.19 0.77% 
20% HCl in 42% 8 0 3.18 2.90 

HCOOH 15 0 3.13 3.12 
48 0 2.78 (3.52)t 


* Micromodification. 

+t Hydrolysates strongly colored; values therefore too high. 

t Approximately 1.0 per cent of cystine was found by the Sullivan 
method in cuprous chloride precipitates of the same hydrolysates 


Humin Formation—-Humin formation during hydrolysis is fre- 
quently associated with losses of sulfur. For edestin, gliadin, 
and wool, Bailey (16) found that none of the methionine 8 is 
retained by the humin. On the other hand, Lugg (17) has shown 
that serious losses of cysteine occur owing to humin formation, 
while cystine is hardly affected. It therefore seems justified to 
correct the cysteine values found by the photometric method for the 
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S retained by the humin. For this purpose, a sulfur determination 
according to Pregl’s method is carried out on the thoroughly 
washed humin. 

During HI hydrolysis there is no loss of cysteine due to humin 


Taste II 
Sulfur Amino Acids and Distribution of Sulfur in Various Proteins 
The values are given in per cent. Those given in parentheses are 
too high (see text). 


a6 
a% Substance and method of anal ysis Casein ——— yey Edestin Papain 
2§ (Labeo) (Labeo) | bumin 
an | 
1 | Cystine, photometric | 0.34* | 2.80* | 0.53t 1.2t | 3.2° 
2. Cysteine, _ 0.00* | 0.27* | 2.5t,t 0.00t 1.0* 
3. Cystine, Sullivan 3.1* |(4.0)t 1.2+ 
4 | Cystine + cysteine, Baernstein 0.48 | 3.1 3.2 1.5 | 4.2 
5 | Methionine, volatile iodide 3.2 2.8 2.7 2.4 0.46 
6 | Methionine, homocysteine 3.0 2.8 2.3 2.3 | 0.41 
7 | Cystine 8 0.09 | 0.75 | 0.14 0.39 0.85 
8 | Cysteine S 0.00 | 0.07 | 0.67 0.00 | 0.27 
9 | Methionine 5 0.69 0.60 0.58 0.51 | 0.10 
10 | Sulfate S as H,S 0.01 0.01 (0.05)§ 0.02 1.52 
ll - “ * BaSo, 0.00 0.01 1.54 
12 Total 8, Pregl! 0.78|| | 1.42 1.43 0.98 3.01 


13 | “« “© 748+ 9 + (10, 11); 0.79 1.43 1.44 0.91 | 2.76 


*8 hour hydrolysis. 

+6 hour hydrolysis. 

t Corrected (cf. (1)). 

§ The H.S is due to traces of thioglycolic acid which is decomposed to 
about 80 per cent during HI digestion (Brand, E., and Kassell, B., unpub- 
lished experiments). 

|| Total S was also determined with the Parr bomb. 


formation. Therefore the values for cystine plus cysteine obtained 
by the Baernstein method are essentially correct (except for slight 
losses (1 to 2 per cent) due to decomposition’ of cysteine to H2S). 


? With the proteins so far investigated the decomposition does not 
exceed 2 per cent, except with crystalline insulin, in which about 7 per cent 
of the cystine S is decomposed (cf. (3, 18)). 
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A discrepancy between the photometric method and the Baern- 
stein method is to be expected, if a protein on HCl hydrolysis 
yields considerable amounts of both cysteine and humin. 

Lactalbumin—The lactalbumin (Labco 7-HAAX) was obtained 
through the courtesy of Dr. G. C. Supplee. 

In the hydrolysis of lactalbumin only moderate amounts of 
humin are formed. The sulfur retained by the humin is negligible 
(the humin formed during the HCl hydrolysis (16 hours at 130°) 
of 3.2 gm. of lactalbumin contained only 0.004 per cent of 8). 
Table I shows that this protein contained only very small amounts 
of cysteine.‘ 

The optimum time for HCl] hydrolysis is 8 hours, since the results 
by the photometric, Sullivan, and Baernstein methods check 
(Tables IandII). Digestion for less than 8 hours results in incom- 
plete hydrolysis, as indicated by the low cystine values. Longer 
hydrolysis also gives low results, owing partly to cystine destruc- 
tion (cf. photometric values) and partly to increased formation of 
substances which interfere with the Sullivan method. 

Hydrolysis with H.SO, gives low results, particularly with the 
Sullivan method. This is apparently not due to cystine destruc- 
tion, but to a tendency of the H,SO, to produce substances which 
interfere with this reaction (cf. ““Edestin’’). 

On hydrolysis with the HCl-formic acid mixture, cystine 
destruction seems to be somewhat decreased, in agreement with 
the findings of Miller and du Vigneaud (4), but the rate of hydroly- 
sis is also decreased (cf. Table 1). 

All of the sulfur in this preparation of lactalbumin is accounted 
for as cystine, cysteine, and methionine (Tables II and III). A 
preparation of lactalbumin analyzed by Baernstein (19) apparently 
contained small amounts of inorganic sulfate, but he likewise 
accounted for all of the protein sulfur as cystine and methionine.* 

Reduced Lactalbumin—Reduced lactalbumin was prepared by 
treatment of lactalbumin with thioglycolic acid as described pre- 
viously (21). The analysis reported in Table II refers to the 


‘ Another preparation of lactalbumin (used for feeding experiments in 
eystinuria) contained no cysteine. 

§ Baernstein’s preparation (19) contained more cystine and less methi- 
onine than ours. Plimmer and Lowndes (20) analyzed a number of prepa- 
rations of cow and of human lactalbumin and found variations in the total 
N, total 8, methionine, and cystine. They did not account for the total 8. 
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preparation of reduced lactalbumin used in feeding experiments in 
cystinuria (21). 

With HCl the hydrolysis of the reduced protein seems to proceed 
somewhat faster than that of lactalbumin, since the same results 
were obtained after 6 and 8 hours (ef. (22)). 

Hydrolysis with an HCl-formic acid mixture was not very satis- 
factory, because of the necessary evaporation of the formic acid. 

Since reduced lactalbumin contained large amounts of cysteine, 
HCl hydrolysis resulted in some loss (about 10 per cent of the 
cysteine) due to humin formation. This loss, indicated by the 
discrepancy between the values obtained after HCl and HI hy- 
drolysis (cf. “Lactalbumin’’) could be confirmed by direct deter- 








TaBLe III 
Percentage Distribution of Sulfur in Various Proteins 
Protein 8 
: Total es : eee ety BITS Sees 
Protein 4 s* | =a _— -— ee 
we | Cystine Cysteine Methionine! Uniae- 
Casein........ Peo (0.78 Fe ee 88 0 
Lactalbumin...... eet Sak. 5 42 0 
Reduced lactalbumin....} 1.38 or ae? @ 0 
a ae eee ET 2p oprinegs 8. @bor Pris 
a Tee et ee 1.47¢ | 5&8 | 18 7 17 





* Corrected for sulfate 8. 
t The possibility of the presence of organic sulfate 8 is not excluded. 


mination of the —SH groups in the unhydrolyzed protein with 
dithiodiglycolic acid (cf. ““Methods’’). For instance, with another 
preparation of reduced lactalbumin, the photometric method indi- 
cated 1.28 per cent of cystine, and 1.53 per cent of cysteine, while 
the determination of —SH groups gave 1.68 per cent of cysteine, 
thus accounting for all of the cystine (3.1 per cent) of the original 
protein. 

The values for “cystine” found by the Sullivan method were 
too high (reported in parentheses in Table II), varying from 4.0 
to 4.3 per cent for preparations of reduced lactalbumin in which 
about 80 per cent of the original cystine (3.1 per cent) had been 
reduced. 


Attempts to determine cystine plus cysteine as total cysteine 
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by the Sullivan method after reduction with zine or titanous 
chloride (cf. (22)) were not successful, owing to difficulties in re- 
moving the reducing agent. 

The total sulfur and H.S sulfur (Table II) in reduced lactalbu- 
min are slightly higher than in lactalbumin. This is apparently 
due to traces of thioglycolic acid, which is decomposed to H,S dur- 
ing digestion with HI (to an extent of about 80 per cent*®), As in 
lactalbumin, all of the protein 8 of reduced lactalbumin is ac- 
counted for as cystine, cysteine, and methionine (Tables II and III). 

Casein—Casein (Labco) was obtained through the courtesy of 
Dr. G. C. Supplee. In view of its low cystine content, no detailed 
experiments on the effect of HCl hydrolysis were carried out. The 
casein contained no cysteine, and the results for cystine by the 
photometric and Baernstein methods are in reasonable agreement 
(Table II), although the value for cystine by the Baernstein 
method may be slightly high, owing to the possibility of titrat- 
ing small amounts of homocysteine as cysteine (cf. (3)). All of 
the S of casein is accounted for as cystine and methionine (Tables 
II and III). 

Edestin (Hoffmann-La Roche)—Table I shows that the optimum 
time for HCl hydrolysis is only 6 hours; hydrolysis for 8 hours 
resulted in lower values by the Sullivan method. 

After H.SO, hydrolysis, the values by the Sullivan method were 
always considerably lower than by the photometric method. That 
this was due to the formation of interfering substances was clearly 
demonstrated by finding more cystine by the Sullivan method in 
the cuprous chloride precipitate (9) than in the original hydroly- 
sate (cf. -Table I,f foot-note). 

The values for cystine by the Baernstein method were almost 
25 per cent higher than those by the photometric method.’ 
This discrepancy’ remains unexplained and subject to further in- 
vestigation. 

* Unpublished experiments with dithiodiglycolic acid. 

7 The value for cystine by the photometric method is in agreement with 
that found by Mirsky and Anson (14). 

* Unpublished experiments point to cysteine sulfinie acid (HOOC— 
CH(NH,)-CH,-SO,H) as a substance possibly responsible for the dis- 
crepancy, since we find that this compound is quantitatively reduced and 


determined as cysteine in HI digests. Its presence in HC! hydrolysates 
has no influence on the photometric cystine determination. 








442 Distribution of Sulfur 


It can be seen from Tables II and III that the 8 in edestin is 
not accounted for by cystine, methionine, and sulfate, and that at 
least 7 per cent of the protein S remains undetermined (cf. (23)). 
Cystine destruction during HI digestion is excluded by the low 
value for H.S sulfur, which is in agreement with the gravimetric 
sulfate determination. 

Papain—Recent reports (24, 25) indicate that papain, as well 
as the related enzyme, ficin, isa protein. It was therefore thought 
desirable to determine the distribution of the S in papain, particu- 
larly since no such data are available in the literature. The 
enzyme was a purified, water-soluble preparation® of considerable 
activity, 1 mg. containing about 5 units (26). 

The total S content was 3 per cent, of which about half was 
sulfate. The preparation contained about 3 per cent of cystine 
and 1 per cent of cysteine. (The values by the photometric and 
Baernstein methods checked.) There was a small amount of 
methionine present, which was determined both as volatile iodide 
and as homocysteine. 

It can be seen from Tables II and III that the S in this prepara- 
tion of papain is not accounted for by cystine, cysteine, methionine, 
and sulfate. About 17 per cent of the protein 8 (cf. Table ITI, 
t foot-note) remains undetermined. 


SUMMARY 


1. In determining the sulfur distribution of a protein, a number 
of methods are combined in the following system of analysis. 
Total sulfur is determined by the Pregl method or in a Parr bomb. 
Sulfate is determined gravimetrically after hydrolysis with HCl, 
and as HS after digestion of the protein with HI. Methionine is 
determined as volatile iodide and as homocysteine. The sum of 
cystine and cysteine is determined in an HI digest. Cystine and 
cysteine are determined separately in an HCl hydrolysate by the 
photometric method. The cysteine value is corrected for the 
humin sulfur, determined by the Pregl method. The more spe- 
cific, but less precise, Sullivan method is used as a check on the 
cystine determination. 


* Obtained through the courtesy of the Nippon Ferment Industrial 
Company. 
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2. Optimum conditions for HCl hydrolysis vary for different 
proteins. H,SO, hydrolysis is not recommended. 

3. The regular Sullivan method can be used for cystine deter- 
minations in proteins, only if the absence of cysteine in the 
hydrolysate has been established. 

4. All of the sulfur of casein, lactalbumin, and reduced lactal- 
bumin can be accounted for as cystine, cysteine, and methionine, 
while in edestin and in a preparation of papain considerable 
amounts of the sulfur remain undetermined. 
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THE URICASE OF DOGS, INCLUDING THE DALMATIAN 
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School, Boston) 


(Received for publication, July 1, 1938) 


Interest in purine metabolism has taken on new impetus from 
the relation recently demonstrated between purines and certain 
oxidative enzymes (Keilin and Hartree (1)). In view of the 
uniquely high excretion of uric acid by Dalmatian dogs, dis- 
covered by Benedict (2), and the inheritability of this metabolic 
anomaly according to Mendelian laws (Trimble and Keeler (3)), 
it was thought worth while to study oxidation of uric acid by dog 
tissues, particularly liver, in vitro. Experiments were carried 
out on one pure blood Dalmatian, six Dalmatian crosses of known 
ancestry, and two dogs of mixed but unknown ancestry. All of 
the dogs, except one of those of unknown antecedents, were 6 
months of age or under. The pure blood Dalmatian and one of 
the crosses excreted large amounts of uric acid—the others, small 
amounts. 

In 1918, Wells (4) reported the presence of uricolytic activity 
in the liver of a single Dalmatian. He questioned whether or not 
a quantitative deficiency in uricase exists in the Dalmatian, but 
as far as we are aware, this question has not been answered. The 
present experiments were for the purpose of determining by quan- 
titative observations whether a relation exists between the uricase 
content of the liver and the uric acid excretion by the animal. 


EXPERIMENTAL 


The dogs were placed on a milk diet 2 days previous to the 
experiment. Immediately before the experiment, they were 
killed under chloroform anesthesia. (By comparing the uricase 
action of the liver of rats killed with and without the use of chloro- 
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form, it was found that the anesthetic was without effect on the 
uricase action.) The uricase action of the liver was determined 
in the following manner. The removed tissue was immediately 
ground in liquid air and suspended in Sgrensen’s borate buffer 
of pH 9.2, the optimum reaction for uricase action. 3 ec. of this 
tissue suspension, containing from 25 to 100 mg. of original tissue, 
were pipetted into Warburg vessels. 1 mg. of uric acid in the 
form of lithium urate was placed in the side arm of the vessel. 
All experiments were run in triplicate. After temperature equi- 
librium was established, the uric acid was mixed with the liver 
suspension. The CO, produced was held as carbonate by the 
alkaline buffer and the consumption of oxygen was determined 
manometrically at 38°. The oxygen consumed by an equal 
amount of liver in the absence of uric acid was subtracted from 
the observed oxygen consumption. This provided data which 
permitted the estimation of the relative amount of uricase in the 
different samples of liver. Results have been expressed as the 
time required to half oxidize the uric acid present per 100 mg. of 
wet tissue. The relative uricolytic activities of the different 
livers were also expressed in terms of the reciprocal of the times 
required for half oxidation, the uricolytic activity of the pure 
blood Dalmatian being taken as unity. At the end of each ex- 
periment, uric acid determinations were carried out on tungstic 
acid filtrates of the liver suspension according to the method of 
Folin (5). With different preparations, the amount of oxygen 
used per mole of oxidized uric acid varied between 1 and 2 atoms. 
This fact, previously observed by Battelli and Stern (6), was 
explained by Keilin and Hartree (1) as oxidation of other sub- 
strates by hydrogen peroxide formed during the oxidation of uric 
acid. In each experiment, this was taken into account in the 
following manner in estimating the time required to half oxidize 
the uric acid. Half the total amount of oxygen taken up during 
the experiment divided by the fraction of uric acid destroyed 
during the same time was taken as the amount of oxygen cor- 
responding to half oxidation of the uric acid. The time cor- 
responding to this amount of uric acid oxidation is regarded as the 
half oxidation time. 

Since preliminary experiments on rat liver showed that uricase 
activity depended largely on the size of the particles in suspension, 
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but that maximum activity could be consistently obtained by 
grinding frozen tissue in liquid air, the latter procedure was 
adopted. With the uniform suspensions so obtained, the rate 


TasLe | 
Comparison of Rate of Uric Acid Oxidation with Varying Amounts of Liver 


Time of half oxidation of 1 mg. of uric acid 











Dog No. SS SE Eee —! a 
| Liver, 50 mg. Liver, 100 mg. 
min. min. 
F;4* 46 23 
F33 57 29 
F;2 44 21 
FA 26 13 


* These numbers are identical with those used by Trimble and Keeler (3) 
in their study of the heredity of these animals. 


Tasie Il 


Comparison of Uric Acid Excretion of Dogs and Uricolytic Activity of 
Their Livers 


meee | half oxidation | Relative 
DogNo. | Breed | Age at ma |. 
| wet liver | 
mos. | “97> min. 
Ps | D | 3.0 we ee. 1.0 
a po T. of"! ee 23 1.2 
F33 vs |; 88 | 10 29 0.9 
F,2 a Ve oe 8 21 | 1.3 
Ft | a | 6.2 7 13 2.2 
F.2 | a 6.2 5 | 23 1.2 
Fl se 2.8 4 21 1.3 
¥ i 344 32 0.8 
X: | “ Old 193 0.15 


D designates pure blood Dalmatian; DC, Dalmatian-collie cross; X, 
unknown ancestry. 


of uric acid oxidation was found to be proportional to the amount 
of tissue used. Data illustrating the proportionality of the rate 
of oxidation to the amount of tissue are given in Table I. 
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Results and Comment 


In Table II the uricolytic activity of the liver of the dogs is 
compared with the uric acid excretion of the dogs on a purine-free 
diet. It will be seen that no quantitative relation exists between 
the uric acid excretion of the animals and the uricase content of 
their livers. The uricase content of the liver of the two dogs 
(Nos. P,8 and F;4) which excreted large amounts of uric acid 
was of the same high magnitude as that of the dogs excreting little 
uric acid. The excessively high uricolytic activity of Dog F:4 
in Table II is not understood. Other portions of the liver of the 
same dog studied in another experiment, Table III, showed an 
activity comparable to those of Dogs F;3 and F;2. It is of interest 
that the old dog of unknown ancestry had the lowest uricolytice 
activity. 


TaBLe Ill 
Comparison of Uric Acid Oxidation by Ground Liver and Surviving Liver 
Slices Expressed As Mg. of Uric Acid per Mg. of Dry Tissue per Hour 


Sliced liver (average of 4 


Dog No. Ground liver observations) 
F33 0.057 0.027 
FA 0.052 0.018 


F.2 0.049 0.025 


The kidneys of three dogs and spleens of two dogs were examined 
but were found to contain no uricase. One of these, Dog P,8, 
excreted large amounts of uric acid, the others, Dogs F3l and 
F,8, small amounts. The muscle of one dog, No. F,8, with low 
uric acid excretion was also examined and found to be without 
uricolytic activity. In passing, it may be observed that, con- 
sistent with the findings of others, a similar experiment carried 
out on a specimen of fresh human liver revealed no uricolytic 
activity. 

In view of the high uricase activity of the liver of all dogs 
studied, the question of why Dalmatian dogs excrete large amounts 
of uric acid cannot be attributed to the absence of this enzyme 
system. In an attempt, therefore, to obtain information on the 
cause of the apparent inactivity of uricase in vivo, the uricolytic 
action of surviving liver slices was compared with the oxidation 
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of uric acid by ground liver. The oxygen consumption of both 
the ground and sliced liver was determined in the presence and 
absence of glucose. The surviving liver slices gave normal values 
of Qo, for dog liver, indicating that the liver slices were respiring 
normally. Upon the addition of uric acid, the oxygen consump- 
tion of the ground liver increased greatly, while that of the liver 
slices did not increase significantly. These experiments were 
carried out on the livers of five dogs, one of which (No. P,8) ex- 
creted a large amount of uric acid. Colorimetric determinations 
of the uric acid oxidized by the liver under the above conditions 
were made in the case of three of the dogs which excreted small 
amounts of uric acid. These results are shown in Table III, 
which shows that tissue slices were much less active in their oxida- 
tion of uric acid than ground tissue. This fact, as well as the 
observation that maximum uricase activity can be obtained 
only in extremely fine tissue suspensions, indicates that the enzyme 
is set free in active form by destroying the structure of the liver 
cells. This suggests that the inactivity of uricase in vivo may be 
due to the inaccessibility of the site of the uricase in the cell to 
the urate ions, although chemical inactivation of the enzyme in 
the intact cell is not excluded. However, our experiments offer 
no adequate explanation for the difference between the purine 
metabolism of the Dalmatian and other dogs. 


SUMMARY 


Livers of Dalmatian dogs excreting large amounts of uric acid 
are rich in uricase. No correlation was found between the amount 
of uricase present in the liver and the destruction of uric acid 
in vivo. Actively respiring liver slices were observed to have 
less uricolytic activity than ground liver suspensions. 

No uricase was found in kidney, muscle, or spleen of the dogs 
examined. 
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THE SYNTHESIS OF ESTERS OF URSOLIC ACID 


By HAROLD M. SELL ann ROLAND E. KREMERS 
(From the Research Laboratory, General Foods Corporation, Battle Creek) 


(Received for publication, July 5, 1938) 


Ursolic acid is a monohydroxytriterpene acid with the empirical 
formula CesHg(OH)COOH which occurs in the wax-like coat- 
ing of the skin or cuticle of fruits and in the leaves of certain 
plants (1-4). 

Various derivatives of ursolic acid have been synthesized (5-11). 
This communication deals with the preparation of monoacetyl- 
ursolyl chloride and the corresponding homologous series of 
n-alkyl esters. 

Monoacetylursoly!l chloride was utilized by Sando (5) in the 
preparation of monoacetylmethylursolate but he did not isolate 
the acid chloride in a crystalline condition. By careful manipu- 
lation we have been able to obtain a crystalline product. 

The acid chloride has been used as the starting product for 
the preparation of seven new n-alkyl esters. Together with 
the previously known methy] ester, they constitute the homologous 
series of n-alkyl esters through the n-octyl ester of monoacetyl- 
ursolie acid. 


EXPERIMENTAL 


Preparation of Monoacetylursolyl Chloride—To 22 gm. of mono- 
acetylursolic acid were added slowly 44 cc. of cold thiony! chloride. 
After 12 hours (at room temperature) the excess of thiony] chloride 
was removed by distillation under reduced pressure. The residue 
was crystallized from hot hexane until a constant melting point 
was obtained. It was dried in an Abderhalden drier for 2 hours 
at 111° and 5 mm. over phosphorus pentoxide. The following 
constants were observed. 
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Melting Point—200-201° 
oO 


| 
Analysis—CH,;C—O—C,,HwCOC!I 


Calculated. Cl 6.90, saponification No. 325 
Found. ** 7.02, - ** 322 


The identity of the monoacetylursolyl chloride was proved by 
its reaction with methanol to yield the known monoacetylmethy!l- 
ursolate of melting point 246°. 


TABLE I 
Esters of Monoacetylursolic Acid 


| Carbon Hydrogen 














Ester Yield| Mp. | [aly | 3 E 
4 73 S i) 
= 3 
eo § 2 = 
a ° ‘a ° 
1S) ~ oO ~_ 
per .) Ot oe) ee 
pA °C. | degrees! cont | cont | cont | cent 


CH;C—O—C.,H«COOC,H, 56 |194 +60.8) 77.5) 76.5) 10.3) 10.8 
: oO 





CH;C—O—C,,;H«COOC;H; 77 (173 +58.5) 77.7) 77.3) 10.4) 10.9 
my oO 


I | 
CH,;C—O—C,,HwCOOC,H, 81 125-126 +54.5) 77.9) 77.8) 10.5) 10.9 
O 


| 
CH,C—O—C2sHyCOOCHn | 42 /110-111|+54.3) 78.1] 78.4) 10.6) 10.9 
Oo 


| 


| | 
CH;C—O—C,,H«COOC,His 51 |123-124)+54.8) 78.3) 78.5) 10.7) 10.5 


O 


| 
CH;sC—O—C2sHwCOOC;His | 47 | 93 | 452.8) 78.5) 79.8) 10.8) 10.1 
@) 




















CHsC—O—CysHuCOOCHiz | 14 | 67 — |+51.5) 78.7] 78.5, 10.9) 10.6 





The combustions were made for us by analysts in the laboratories for 
Organic Chemistry at Michigan State College and for Biochemistry at the 
University of Wisconsin. 
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Preparation of Homologous Series of n-Alkyl Esters of Mono- 
acetylursolic Acid—The esters were prepared by treating mono- 
acetylursolyl chloride (5) with the corresponding alcohols. In 
each case the alcohol was removed by distillation in vacuo. The 
residue was reacylated and recrystallized several times from 
ethanol until a constant melting point was obtained. The ethyl! 
and hexyl esters were recrystallized from 95 per cent ethanol and 
the other esters from dilute ethanol. All of the compounds were 
obtained in a crystalline condition. The esters were dried in an 
Abderhalden drier for 2 hours at 111° and 5 mm. over phosphorus 
pentoxide, with the exception of the amyl and hepty! esters which 
were dried at 78° and 66° respectively. The octyl ester was dried 
at room temperature for 1 week at 5 mm. over phosphorus pen- 
toxide. Crystallization became more difficult with the higher 
series owing to the increase of solubility of the ester in the solvent. 
The esters are soluble in xylene, benzene, hexane, chloroform, ether, 
ethylene dichloride, acetone, and toluene and insoluble in water. 
The physical constants and analyses of the esters are given in Table I. 


SUMMARY 


1. The preparation of monoacetylursolyl chloride is described. 

2. The homologous series of n-alkyl esters through the octyl 
ester of monoacetylursolic acid has been synthesized. 

3. The compounds were all obtained in crystalline condition 
and the physical constants and analyses are reported. 
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INFLUENCE OF YEAST-CONTAINING DIETS ON THE 
TOTAL FATTY ACIDS AND CHOLESTEROL CON- 
TENT OF THE LIVERS OF INTACT AND PAR- 
TIALLY NEPHRECTOMIZED RATS* 


By J. C. HORTENSTINE, ALFRED CHANUTIN, ann 
STEPHAN LUDEWIG 
(From the Laboratory of Physiological Chemistry, University of 
Virginia, University) 


(Received for publication, July 6, 1938) 


During a study to determine the effect of yeast-containing 
diets on kidney hypertrophy in intact and partially nephrec- 
tomized rats, it was noted that the livers of some of the intact 
animals showed gross fatty changes on inspection, while the 
livers of partially nephrectomized rats appeared normal. It 
was felt that this observation warranted a study of the lipid con- 
tent of the livers of intact and partially nephrectomized rats fed 
diets containing varying concentrations of dried yeast. 


Methods 


Inbred rats of Wistar strain were maintained on a stock diet 
(Bal Ra') until they were 60 days of age. At this time one group 
of animals was subjected to partial nephrectomy (1) which in- 
volved the removal of about 85 per cent of kidney tissue; another 
group of intact rats of the same age served as controls. These 
animals were placed on diets containing dried yeast* and designated 
as Diets Y20, Y30, Y40, Y60, and Y80 according to the percental 
concentration. A small group of intact rats was fed a control 
fat diet containing extracted meat in order to approximate the 
fat content of the yeast diets (Table I). All animals were sac- 
rificed after being on the respective diets for 100 days. 


* This work was aided by a grant from the Penrose Fund of the American 
Philosophical Society. 

' Purchased from Valentine’s Meat Juice Company, Richmond. 

* Kindly furnished by Standard Brands, Inc. 
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456 Effect of Yeast on Liver 


Analysis for total fatty acids and free and esterified cholesterol 
was begun immediately after removal of the liver under ether 
anesthesia. Wedges were removed from the different lobes and 
combined for analysis. For the determination of fatty acids, 
4 to 6 gm. of liver were dried at 105° for 48 hours and then heated 
on a steam bath with 10 per cent alcoholic KOH under a reflux 
condenser for 4 hours. This solution was acidified with con- 
centrated HC] and the fatty acids were extracted with petroleum 
ether. The fatty acids were weighed after evaporation of the 
solvent. For the determination of free and total cholesterol, 
about 0.4 gm. of liver was thoroughly ground in a mortar and 
transferred to a small piece of glass tubing; this was ejected into 


TaBLe I 
Experimental Diets 


Con- 


























| 
ema! i:.. scccesteveceecesecseeeeeeee| ¥90 | Yo | Yeo | Yoo | Yao | trol 

fat 

per cent|per ae cent per cent) per cont] por cent 

aon xs, , Huis ua awe oh b ey +s 20 30 40 60 80 5 
SEE oe ee eee ses Fea 54 44 34 14 5 52 
Ct Ry ea 17 17 17 6 14 
SO I WE cv cine seeps vvise ss 5 5 5 5 5 5 
Salt (Osborne and Mendel (2))...| 4 4 4 4 4 4 
Extracted beef................. 20 
Nitrogen content................ 1.9] 2.5] 3.3] 4.7] 6.6] 3.0 
Fatty acid content......... seen 22.8 | 22.4 | 23.4 | 25.1 | 15.4 | 17.3 











a 10 ec. volumetric flask containing an absolute alcohol and 
acetone mixture (1:1).4 The extract was analyzed according to 
the procedure of Schoenheimer and Sperry (3, 4). 


Results 


The concentration of the total fatty acids in the livers of 
individual intact and partially nephrectomized rats fed the 
yeast diets is shown in Fig. 1. In the intact animals it is seen 
that the livers of the group fed Diet Y20 have the greatest con- 
centration of fatty acids and that there is a striking decrease in 
the fatty acid concentration as the yeast content of the diet is 


3 We are indebted to Dr. W. M. Sperry for this procedure. 








o—- 











oo 











Hortenstine, Chanutin, and Ludewig 457 








t Y20 Y30 Y40 Y60 Y80 
~ 
e ep ; 2 KIONEYS “4 
a 4 
"4 io, * o- 
' =a tw 
wn 8 e ZO 
ras) = he ~ S 
5 64 . .. U 
Shiga 
Sorel ' | 2 
r 24 
PARTIAL NEPHRECTOMY 
4 oil 
z 84 
a = . 
© 6— 
— & 

4 co 
s4>|* - 
= ~ 3 
a 


























EXPERIMENTAL PERIOD — 100 DAYS 


Fic. 1. Total fatty acids of wet livers of intact and partially nephrec- 
tomized rats fed diets containing various concentrations of yeast. 
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EXPERIMENTAL PERIOD — 100 DAYS 


Fic. 2. Free and esterified cholesterol content of wet livers in intact rats 
fed diets containing various concentrations of yeast. 
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increased. The average values of fatty acids for the livers of the 
intact animals expressed in percentage of wet and dry weight, 
respectively, for the different diets are as follows: Diet Y20 
9.0 and 27.2, Diet Y30 6.5 and 20.4, Diet Y40 6.1 and 19.2, Diet 
Y60 5.2 and 16.4, and Diet Y80 4.3 and 14.4; whereas in the 
partially nephrectomized rats the average percentage values are: 
Diet Y20 4.2 and 14.1, Diet Y30 4.3 and 14.7, Diet Y40 4.5 and 
15.0, and Diet Y60 4.2 and 13.9. The constancy of the fatty 
acid values in the nephrectomized group is in striking contrast 
to those of the intact animals. Partial nephrectomy with its 
resulting renal insufficiency unquestionably influences lipid metab- 
olism under the present experimental conditions. The average 
fatty acid concentration in the wet and dry liver of the control 
fat diet group is 3.9 and 14.4. 

The individual values for the free and esterified cholesterol 
of the livers of intact rats are presented in Fig. 2. There is a 
marked variation in the individual values for the concentration 
of free and esterified cholesterol in the livers of the rats on the 
respective diets. The fatty acid concentration could not be 
correlated with the cholesterol fractions. 


DISCUSSION 


In this study, the intact rat had the highest concentration of 
fatty acids in the liver when on Diet Y20 and the percentage of 
fat decreased as the percentage of yeast in the diet increased. On 
the other hand the fatty acid content of the livers of partially 
nephrectomized rats was not affected by the yeast diets. These 
observations are difficult to explain. Yeast is rich in plant sterols, 
thiamine, and choline. Schoenheimer (5) and Breusch (6) have 
shown that plant sterols are not absorbed from the intestinal 
tract. McHenry (7) has shown that oral administration of 
thiamine to rats maintained on choline-free diets causes an increase 
in liver fat and Best and Huntsman (8) have demonstrated that 
fatty livers could be prevented by lipotropic substances such as 
choline. McHenry makes the assumption that thiamine and 
choline have antagonistic effects. If such an assumption is 
justifiable, it would seem plausible in the present investigation 
to postulate that in Diet Y20 the effect of the thiamine predomi- 
nated over the choline effect and exerted its maximal effect, but 
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that as the concentration of yeast increased, the reverse effect 
occurred. If such a hypothesis is correct, the lack of fat accumu- 
lation in the livers of partially nephrectomized rats could be 
explained on the basis that the renal insufficiency produced by 
operation in some way interfered with the action of thiamine. 

Reports from this laboratory (9, 10) have shown that the 
cholesterol and phospholipid concentrations of the blood plasma 
are affected as a result of renal insufficiency produced by partial 
nephrectomy in the rat. In these experiments further evidence 
that lipid disturbance in renal insufficiency is associated with 
primary kidney damage is presented. 


SUMMARY 


The total fatty acids and free and esterified cholesterol con- 
centrations have been determined in the livers of intact and 
partially nephrectomized rats fed diets containing varying per- 
centages of dried yeast (20, 30, 40, 60, and 80 per cent). 

Intact rats develop fatty livers on these diets. The fatty 
acid concentration decreases progressively as the yeast content 
increases. 

The livers of partially nephrectomized rats show no fatty 
changes on the yeast diets. These experiments show that renal 
insufficiency as produced by partial nephrectomy affects the lipid 
metabolism. 

No consistent changes were noted for the free and esterified 
cholesterol of the livers of intact rats on the various yeast diets. 
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It is now well established that blood contains a small non- 
sugar reducing fraction. While several investigators have indi- 
cated the relative constancy of these saccharoid substances in 
most diseases (1, 2), still the literature contains no data concerning 
their status under various conditions existing in normal animals. 
This paper presents a study of the saccharoids during fasting and 
different dietary regimens and after the administration of certain 
drugs. Since the saccharoids have not as yet been fully defined 
chemically, their quantitative expression remains, for the time 
being, a function of the method used for their determination. In 
this study the Somogyi modification of the Shaffer-Hartmann 
cuprous titration reagent' for blood sugar (3, 4) was employed and 
a preliminary investigation was made of certain factors affecting 
the results of saccharoid determination with this reagent. 

With the Shaffer-Hartmann cuprous titration technique, sac- 
charoids may be estimated either (a) directly through analysis 
of saccharoid-containing filtrates prepared after yeast fermentation 
of the blood sample, as outlined by Somogyi (5) and Benedict 


* A preliminary report upon this work was presented before the Phila- 
delphia Physiological Society and an abstract of this report has appeared 
(Am. J. Med. Sc., 184, 889 (1932)). 

1 During the course of the investigation it has been found, by periodic 
titration against standard dichromate solutions, that even 0.005 n Na28,0, 
may be preserved over a period of approximately 3 years when prepared 
in freshly boiled water and kept in dark bottles under toluene. 
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(6), or (b) indirectly through the difference obtained in the analysis 
of two types of filtrates, only one of which is saccharoid-containing. 

In the direct determination of saccharoids we employed the 
Folin-Wu protein precipitation (7) of the fermented blood sample. 
It is of great importance to prepare accurately the prescribed 
0.66 n H2SO,, since slight excesses in acidity were found to cause 
errors as high as 40 mg. per cent. The error probably arises in 
the liberation of saccharoids from the yeast cells. Blank analyses 
were performed upon the yeast suspension to which excesses of 
0.66 n H,SO, ranging from 0.5 to 5.0 cc. were successively added 
to the routine Folin-Wu reagents. We obtained reducing values 
for the blank progressing from 14 to 40 mg. per cent in terms of 
glucose. Filtrates made upon yeast-fermented blood contain 
reducing substances equivalent to 20 to 40 mg. per cent, a range 
at which the Shaffer-Hartmann method is recognized to be rela- 
tively inaccurate. We, therefore, routinely concentrated our 
filtrates over a microburner to one-half the original volume. 
When employed with reagents, carefully calibrated against stand- 
ard glucose solutions, and concentrated filtrates, the direct deter- 
mination of saccharoids is extremely reliable. In experiments 
upon dogs a number of such analyses were performed upon a single 
animal during the course of 3 or 4 hours and the successive results 
were in close agreement. 

For the indirect determination of saccharoids several procedures 
are now available for the preparation of filtrates designed to 
contain or to be relatively free from saccharoids. 

All non-protein constituents in blood are ordinarily considered 
present in the Folin-Wu filtrates but Benedict (8) believed these 
give low values for thioneine. The latter introduced tungsto- 
molybdic acid as a protein precipitant to obviate this error. Since 
the thioneine content of the blood is small, comparative blood 
sugar analyses upon the two filtrates should correspond approxi- 
mately. We have found that in thirty-six such determinations, 
twenty-four checked within +6 mg. per cent, while inthe re- 
maining twelve the discrepancies varied from 7 to 45 mg. per cent. 
In our hands the results did not show any preponderance of 
higher values for total reducing substances upon the Benedict 
filtrate in comparison with the Folin-Wu filtrate. This finding 
is not necessarily opposed to Benedict’s conclusion, since we have 
not used Benedict’s blood sugar reagent (9). 
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Of the techniques utilizing zinc or copper protein precipi- 
tants to obtain saccharoid-free filtrates, we have followed that 
of Somogyi (10). Since the saccharoids are predominantly intra- 
cellular, Folin’s “‘non-hemolyzed”’ filtrates (11) should yield 
closely approximate values. It was observed that sixteen of 
twenty-seven comparative analyses agreed within +5 mg. per 
cent and the remaining eleven showed discrepancies ranging from 
8 to 26 mg. per cent. In general, values were somewhat higher 
upon the Folin ‘‘non-hemolyzed” filtrates. On the basis of the 
above comparative findings, we felt justified in preparing Folin-Wu 
filtrates for total reducing substances and Somogyi filtrates for 
glucose alone in the performance of indirect saccharoid analyses. 

From theoretical considerations, one would expect that the 
determination of saccharoids upon a single blood specimen by 
both the direct and indirect techniques would give results in 
close agreement, but actually we have found no such correspond- 
ence, and we noted wide discrepancies, particularly with elevated 
blood sugars. In a study of blood drawn from fifteen cats (Table 
I) the direct method yielded values of 32 or 33 mg. per cent, while 
the indirect procedure gave results ranging from 26 to —90 mg. 
per cent. Blood from three dogs analyzed by the direct deter- 
mination had a saccharoid content of 27 to 30 mg. per cent and 
by the indirect, 15 to —5 mg. per cent. We have designated as 
a “negative” saccharoid value a result in which the analysis of 
a Folin-Wu filtrate gave a lower figure than the analysis of a cor- 
responding Somogyi filtrate. While the strikingly discrepant 
results were obtained upon samples with total blood sugar con- 
tents between 274 and 355 mg. per cent, still it is clear from the 
results upon the blood specimens of four cats and two dogs that 
even at moderately elevated blood sugars (105 to 155 mg. per 
cent) the indirect determinations were definitely low. 

In order to rule out any physiological explanation for the low 
or even “negative” saccharoid values yielded by the indirect 
method, we performed determinations upon blood samples before 
and after the addition of glucose in vitro. The samples were 
obtained from normal unanesthetized dogs and were divided into 
two fractions, to one of which sufficient glucose was added to 
increase the total reducing values by 100 to 170 mg. per cent. 
In each of twelve such experiments (Table II) our results indicated 
a reduction of from 5 to 37 mg. per cent in the saccharoid content 
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of that fraction to which glucose was added as compared with the 
determination upon the original blood. 

The low saccharoid values by the indirect method, obtained 
at elevated blood sugar levels, may be due to excessive reduction 
figures upon the Somogyi filtrates, to deficient reduction figures 


TaBLe | 
Saccharoid Content of Cat and Dog Blood As Determined by Indirect and 
Direct Methods of Analysis 


The results are expressed in mg. per 100 cc. 

















Hi “Blood sugar” | Saccharoids 
| Folin- Wu! Somogyi | | Indirect qT Direct, eae 
| filtrate | filtrate E- method* | east’ | 
Cat 1] 174 | 2 | 12 | 32 | 
“ 2] 1 | We 12 | 32 | 
ali 153 | 148 § | 3 Ether anesthesia 
Pmt ay 186 | (160 | 26 32 CO 
MPs 258 | 348 —90 | | Ether anesthesia 
“ 6| 24 | 21 | -7 | 
ye 105 103 ee 
si a 199 | 15 
os 174 14 20 | 
. 137 125 | 12 Amytal anesthesia 
“wml Mi 121 | 2 i" os 
«“ 32] 168 | 161 | 7 Ether 
“ 33/ 342 | 355 | —13 “ “ 
“ | 274 288 | —14 | a es 
“| 328 | 317 | 1 | “ “ 
Dog 1/ 155 | 160 | —5 | 30 | 0.2 gm. glucose per kilo 
intracardially 
_ 125 110 | 15 29 1 gm. glucose per kilo intra- 
peritoneally 
“ 3] 21 | 198 3 27. | 2.5 gm. glucose per kilo 
intraperitoneally 








“ * Determination on Folin-Wu filtrate minus , determination on Somegyi 
filtrate. 


upon the Folin-Wu filtrates, or to both these factors. Upon 
repetition of these experiments with addition of known amounts 
of the glucose (Table III) it was found that in four of five instances 
the added glucose was recovered satisfactorily from the Somogyi 
filtrates, but recovery was deficient by from 8 to 31 mg. per cent 
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Tasie II 


Reduction in Saccharoid Values by Indirect Method upon Addition of Glucose 
to Blood Sample 


The results are expressed in mg. per 100 ce. 











| **Blood sugar” Saccha- “Blood —., sy Saccharoids 
Des Be, |__| a | ——— —e8 I 
Folin-Wu | Somogyi | method* | Folin-Wu | Somogyi | Indirect | i. -' 
filtrate filtrate filtrate filtrate | method* | “yeast 
1 | 114 8 | 2 23 | a1 | -8 
2 | 78 20 214 230 | —16 
3 | 110 82 28 229 210 | 19 | 
4 | 114 87 27 255 “5 | 10 | 
5 | 99 78 |) «(ol 237 228 | 9 | 
6 107 79 | 28 247 ou | 23 | 
7 98 ™m | 234 228 | 6 
8 | 86 So | @ 239 239 0 | 
yi ei Bet @ 243 22 | ll 32 
10 | 97 64 33 243 225 is | 2 
11 88 65 23 205 191 14 
12 | 8 65 | 2 | 198 181 | 12 | 2 











* Determination on Folin-Wu filtrate minus determination on Somogyi 
filtrate. 
Tase III 
Recovery of Glucose Added to Folin-Wu and to Somogyi Filtrates 
The results are expressed in mg. per 100 ce. 


| “Blood sugar” | “Blood sugar,’ glucose added | Saccharoids 
parse i 
D Saecha-| Glucose Folin-W Somogy 
No Folin- | So- ‘poids | aided | filtrate filtrate he. 
| Wu fil-) mogyi oe | direct*| Yeust 
r ra . . | 
- “lated. | Found | = go 
| i } 
1 | 98 72 | 26 140 | 238 219 212 215 | 4) 30 
2; 72 | 61 | 18 | 0 | 219 | 202 | 201 193 y 26 
3 | 98 78 | 20 | 147 245 | 214 | 225 | 230 | —16 
4 YS 74 24 | 15! | 249 | 234 | 225 228 6 
5 | 88 | 65 | 23 | 125 | 213 | 205 | 190 | 191 4| 27 


* Determination on Folin-Wu filtrate minus determination on Somogyi 
filtrate. 


upon the Folin-Wu filtrates. It is thus clear that the low and 
even “negative” saccharoid values obtained by the indirect method 
of determination must be attributed to deficient reduction figures 
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upon Folin-Wu filtrates, since there is a failure to recover quan- 
titatively added glucose in analyses of such filtrates. This error 
is most manifest at elevated blood sugars but consultation of 
Tables I, II, and III indicates that even with blood samples of 
normal sugar content there is only approximate agreement between 
saccharoid determinations carried out by both the direct and 
indirect procedures. 

As Somogyi (4) has reported that excess of salts, such as sodium 
sulfate and mercuric nitrate, influences the reduction by glucose 
of the Shaffer-Hartmann reagent, we investigated the action of 
tungstic acid in this respect in a preliminary search for the cause 
of the low values obtained on the Folin-Wu filtrates. We noted 
an average deficiency of 43 mg. per cent in reduction values upon 
glucose solutions ranging from 100 to 300 mg. per cent when 
these solutions were treated as blood and subjected to the Folin- 
Wu protein precipitation procedure before analysis. A _ cor- 
responding treatment of glucose solutions with Somogyi reagents 
resulted in no significant change in reduction figures. This 
finding suggests that depressed reduction of the Shaffer-Hartmann 
reagent in the presence of tungstic acid or its salts is the explana- 
tion for the deficient reduction values we obtained on analysis 
of Folin-Wu filtrates. Efforts to carry out the experiments 
outlined above on glucose solutions made up in 10 and 20 per cent 
egg albumin, so as to simulate blood more closely, gave incon- 
clusive results. It is important to point out that the depressant 
action of tungstate apparently is limited to the Shaffer-Hartmann 
blood sugar reagent, for when we substituted the Folin-Wu blood 
sugar reagent (12), we obtained quantitative recovery of glucose 
added to blood samples from which Folin-Wu filtrates were pre- 
pared and analyzed. Somogyi filtrates, on the other hand, proved 
unsatisfactory for analysis with the Folin-Wu blood sugar reagent, 
since a stable blue color failed to develop after the addition of 
the phosphomolybdiec acid. 

It is evident that in the determination of saccharoids, the in- 
direct procedure, or the method of differential analysis of filtrates, 
cannot be employed indiscriminately. Results from its use will 
depend not only upon the saccharoid content, but also upon 
the presence of constituents in the filtrate which may affect the 
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particular blood sugar reagent employed. While the errors of 
the indirect procedure are chiefly manifested at high blood sugar 
levels, still we feel that in any critical study of the saccharoids the 
direct yeast procedure is the method of choice. 

In the course of our experimental work saccharoid determina- 
tions by the direct procedure were performed upon dogs, cats, 
pigeons, and rats. In fourteen dogs saccharoids averaged 26.5 
mg. per cent in terms of glucose, with extreme ranges of 22 to 30 
mg. per cent. An average saccharoid content of 32 mg. per cent 
was found in four cats. A few analyses upon rats and pigeons 
showed a saccharoid content of about 30 mg. per cent in the 
former and 70 to 81 mg. per cent* in the latter. These values 
reveal an approximately similar quantity of saccharoids in the 
blood of dogs, cats, rats, and man, for Somogyi (5) has reported 
that human blood contains an average of 22.3 mg. per cent of 
reducing non-sugar substances, as determined by a yeast technique 
identical with that we have utilized. 

In studying the effect of diet upon the blood saccharoid content, 
analyses were performed upon two dogs over periods of 4 and 7 
months. The following diets were fed: (1) meat for 30 days; 
(2) high protein synthetic diet (13)* for 48 and 56 days; (3) low 
protein, high sugar synthetic diet (13) for 26 days; (4) high protein 
synthetic diet containing 25 per cent by weight of dried yeast 
for 13 days. The yeast regimen was employed because of its 
high glutathione content in an effort to increase this constituent 
of the saccharoids. 

Our observations during the metabolism periods are presented 
in Figs. 1 and 2. It will be noted that the saccharoids in both 


? Pigeon blood, in comparison with dog blood, is relatively concentrated. 
On the pigeon blood yielding a saccharoid value of 81 mg. per cent, the 
hematocrit reading was 66 per cent, in comparison with an average of 
approximately 45 per cent on our dogs. 81 mg. per cent is reduced to 
55 mg. per cent when corrected on the basis of the above hematocrits; 
hence blood concentration does not account for the unusually high sac- 
charoid content of pigeon blood. 

* On the high protein diet 25 per cent of the calories was furnished by 
commercial casein, 30 per cent by sucrose, and 45 per cent by lard. In the 
low protein, high sugar diet approximately 5 per cent of the calories was 
supplied by casein, 50 per cent by sucrose, and 45 per cent by lard. 
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Fic. 1. Saccharoid analyses under various dietary regimens, fasting, 
and adrenalin administration. The total height of the columns represents 
magnitude of total reducing substances in the blood. The height of the 
solid columns represents the value for saccharoids obtained by the yeast 
fermentation procedure (the direct method). The height of the cross- 
hatched columns represents saccharoid values obtained by the difference 
between analyses upon Folin-Wu and Somogyi filtrates (the indirect 
method). The height of the clear columns represents the value for true 
sugar (the difference between total reducing substances and saccharoids 
by the direct method). 
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dogs remained at a relatively constant level. Rarely were there 
fluctuations of more than 1 or 2 mg. per cent, regardless of the 
nature of the diet. 

*Having found from the above dietary studies, in which the 
successive blood samples were drawn at approximately the same 
hour each day, that the saccharoid values underwent little or no 
change from day to day, we investigated the possibility of a 
diurnal fluctuation. Samples were drawn at 3 p.m. and then 
at either 12 midnight or 5 a.m. In five such experiments no 
evidence was obtained that the saccharoids undergo a definite 
diurnal change. 

In contradistinction to the failure of dietary variation to influ- 
ence the blood saccharoid content, fasting for 3 or 4 days effected 
a small but definite reduction. In one group of experiments 
three dogs were fasted for 72 hours and their saccharoids decreased 
from 29 to 27, from 31 to 26, and from 27 to 22 mg. per cent. In 
another experiment upon two dogs, bloods drawn after 96 hours 
of fasting showed saccharoid contents of 22 and 23 mg. per cent, 
representing a reduction of 5 mg. per cent from the usual sac- 
charoid level of these animals. One dog was fasted in both sets 
of experiments; on each occasion the saccharoids fell to the ap- 
parently basal level of 22 or 23 mg. per cent, in contrast to the 
consistent figure at other times of 28 or 29 mg. per cent. 

In addition to diet and fasting, the influence of insulin and of 
adrenalin upon the saccharoids was investigated. 20 units of 
insulin per kilo were injected intracardially into each of three 
dogs. Determinations were carried out before and approximately 
1 hour and 2} hours after the injection. While insulin markedly 
reduced the total blood sugar, the saccharoid changes took no 
definite trend, being somewhat increased in one dog, somewhat 
decreased in another, and undergoing no variation in the third. 
A single adrenalin experiment was carried out upon each of the 
two dogs of our dietary studies. We injected 1 ce. of 1:1000 
adrenalin per kilo subcutaneously and withdrew a blood sample 
after 10 minutes from one dog and after 35 minutes from the other. 
Notwithstanding the marked increase in the total reducing sub- 
stances, the saccharoids underwent no deviation from the level 
previously determined for each dog. This observation that adre- 
nalin has no effect on the saccharoid values in dogs corroborates 
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a similar result obtained by Folin and Svedberg (1) upon human 
subjects. 


SUMMARY 


With the Shaffer-Hartmann blood sugar reagent we have found 
the direct yeast procedure to be the method of choice in the deter- 
mination of saccharoids. The indirect method through differ- 
ential filtrate analysis proved less reliable in the determination 
of saccharoids. Factors in the protein-precipitating solution 
apparently may influence the reduction of various blood sugar 
reagents, particularly at high blood sugar levels. When the 
Shaffer-Hartmann reagent was employed, we obtained low reduc- 
tion values upon Folin-Wu filtrates at elevated blood sugar levels. 

The saccharoid content of the blood is independent of changes 
in the diet and of diurnal fluctuations, and is relatively constant 
over long periods of time. Fasting effects a moderate reduction 
in the blood saccharoid content, possibly to a basal level for the 
animal in question. 

Insulin and adrenalin do not influence the blood saccharoid 
content. 
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A RAPID PROCEDURE FOR ESTIMATING THE TRYPTO- 
PHANE CONTENT OF CASEIN 
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(Received for publication, July 20, 1938) 


Some 10 years ago, one of us (S8.) had occasion to compare the 
relative tryptophane content of grain curd casein made according 
to the procedure of Clark et al. (1) as such and after treatment to 
remove the antineuritic vitamin. The treatment was leaching for 
1 week with 0.2 per cent acetic acid as recommended by McCollum 
and coworkers (2), extraction with alcohol and ether, and drying at 
140° for 2 hours. It was found that the tryptophane content of 
the casein was markedly lowered by the alcohol-ether extraction 
and baking. 

The procedure used for the determination of the tryptophane 
was that of May and Rose (3), except that longer time (7 to 9 
days) was employed for maximum color development, as recom- 
mended by Holm and Greenbank (4). 

Because of the long time required for the maximum color de- 
velopment, attempts were made to shorten the method. In 
accordance with the suggestion of Komm (5) and of Boyd (6) 
that mild oxidizing agents furthered the development of the blue 
color which arises by action of p-dimethylaminobenzaldehyde on 
casein in the presence of relatively strong HCl, a procedure was 
devised whereby by addition of weak H,O, the color developed 
within 30 minutes gave approximately the same comparative 
results as that developed in 7 days with the Holm and Greenbank 
modification of the May and Rose procedure; that is, the un- 
treated casein gave much more color than the treated casein. The 
early work was purely comparative, without reference to the 
absolute amounts of tryptophane in the various casein samples. 
Subsequently, as detailed in the present paper, a quantitative 
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comparison was made of results with the long method and with the 
short method. Most of the study was carried out on casein ob- 
tained from the Will Corporation. 

In the long method the tryptophane content was estimated in 
five different series of experiménts with 0.1 gm. samples of the 
same casein with tryptophane as the standard. In each separate 
series of determinations nine batches of casein were placed in 
Erlenmeyer flasks with 100 cc. of the reagents as used by May and 
Rose, and in nine other flasks were placed 2 mg. of tryptophane 
in each 100 cc. of the reagent; the eighteen flasks were placed in 
an incubator set at 37°. Both sets of flasks showed a blue color 
which increased to a maximum, the 9th day on the average, stayed 
at a plateau for about 36 hours, and then faded or changed shade. 
The color of the tryptophane at its maximum was compared with 
that of the casein at its maximum. The work indicated that the 
casein in question contained 2.4 per cent tryptophane. Prac- 
tically the same value was obtained in the five different experi- 
ments. 

Comparisons were then made between casein in the short method 
and casein in the May and Rose procedure with color development 
for 7 to 8 days. The short procedure is as follows: To 99 ec. of 
17.5 per cent HCl was added 1 ec. of a 5 per cent solution of 
p-dimethylaminobenzaldehyde in 10 per cent H,SO,. To each 
100 ec. of the acid reagent was added 0.1 gm. of casein. The 
mixture in each 250 cc. Erlenmeyer flask was brought to 85° and 
maintained at this temperature for 15 minutes. Then 0.3 cc. 
of a 0.3 per cent H,O, solution was added and the contents of 
the flask were well shaken. The solutions after being cooled in 
a tap water bath (20-25°) were made to 100 cc. with water. The 
blue color was compared with that developed in the long proce- 
dure at its maximum, 7 to 8 days. 

A number of colorimetric determinations were carried out on the 
same casein by the short procedure. The agreement was ex- 
cellent. Thus, over a period of 4 weeks, any one of the duplicate 
series in each day placed at a depth of 20 mm. in the colorimeter 
checked 20 to 20 (+5 per cent) with the other. Also each day the 
freshly prepared solution matched with the sample prepared the 
previous day. The color was found to be stable for 48 hours and 
then diminished in intensity. 
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It would seem that the rapid hydrolysis at 85° accelerated by 
dilute H,O, permits the development of a maximum intensity of 
color and gives with the casein the same value as the 7 to 8 day 
color development in the May and Rose procedure; namely, 2.4 
per cent tryptophane. 

By the short procedure practically the same value was obtained 
with different samples of casein, a grain curd casein, a Ham- 
marsten casein from Merck and Company, a casein from the Will 
Corporation, and a casein obtained from Dr. D. B. Jones of 
the United States Department of Agriculture, a casein which he 
reports (7) as containing 2.2 per cent tryptophane when deter- 
mined by a long May and Rose procedure with zein containing a 
known quantity of tryptophane as a standard. In our work all 
the caseins were uncorrected for moisture and ash. The draw- 
back in the work is that one batch of casein must be standardized 
by the long May and Rose procedure as modified by Holm and 
Greenbank. Then with this casein as a standard, other samples of 
casein and other proteins can be analyzed by the short procedure, 
greatly to the advantage of the investigation. 

The short procedure has been found very satisfactory by Milone 
and Sullivan (8) in a comparative study of the tryptophane con- 
tent of normal and pathological sera. 

So far attempts to use tryptophane as a standard in the short 
method have been unsatisfactory because of the instability of free 
tryptophane in hot acid solution. Tryptophane dissolved in a 
mixture of amino acids such as occurs in casein (see Hawk and 
Bergeim (9)) has been found a better standard than tryptophane 
alcuc whether dissolved in dilute alkali, dilute acid, or water. 
However, even in the amino acid mixture there are indications of 
more or less loss of reactive tryptophane with the development of a 
reddish color rather than the blue given by casein. 

Since the work on the estimation of tryptophane in casein was 
finished, Bates (10) reported a modification of the May and Rose 
procedure whereby, with NaNO; as an accelerator, the trypto- 
phane content of proteins can be determined very speedily at 
room temperature. The Bates method and the short method 
given in the present paper give for the same casein a blue color 
development of the same order of magnitude. Bates’ longer 
method with only the accelerator (NaNO;) we have not found 
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satisfactory with grain curd casein, since a considerable amount of 
undissolved blue particles was present even after 24 hours in- 
cubation at 40°. With tryptophane itself the short method gives 
a purple-red instead of a blue as with casein. When a blue glass 
color filter was used to filter out the red, a very low tryptophane 
value was found for casein, not more than 1.25 per cent, which 
is much too low. 

The comparison of the two short methods and the values found 
for various proteins with casein as a standard will be discussed in 


a later paper. 
SUMMARY 


Both by the Holm and Greenbank modification of the May and 
Rose tryptophane procedure and by a short method the trypto- 
phane content of various caseins has been found to be 2.4 per 


cent. 

The short method involving acceleration of color development 
by a high temperature and use of dilute H,O, has given consistent 
and readily reproducible results with various samples of casein. 
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THE NATURE OF VITAMIN A IN COD LIVER OIL* 


By A. O. TISCHER 


(From the Kodak Research Laboratories, Eastman Kodak Company, 
Rochester, New York) 


(Received for publication, June 29, 1938) 


Repeated molecular distillations of fish liver oil, especially 
Norwegian cod liver oil (1), revealed the fact that vitamin A 
could be eliminated from the oil in almost quantitative yield at 
two widely different temperatures. This observation suggested 
the presence of at least two different forms of this vitamin. Under 
molecular conditions one form of vitamin A could be distilled at a 
temperature of approximately 120°, whereas the other form re- 
quired temperatures ranging from 190-230°. Since the high boil- 
ing vitamin could be transformed into the low boiling one by 
saponification, the assumption was made that vitamin A was 
present in cod liver oil not only as the free alcohol but also, and toa 
much greater extent, in an esterform. Recently Reti (2) reported 
his observations on the state of vitamin A in fish liver oils and 
stated that all of this vitamin occurs in an ester combination with 
fatty acids. However, he did not isolate these esters. 

While this investigation was in progress, Hamano (3) reported 
the isolation and identification of vitamin A palmitic acid ester 
from freshly prepared liver oil of Steleolepis ishinagi, Hilgendorf. 
As far as we are aware no attempt has ever been made to deter- 
mine the state of vitamin A in cod liver oil. This lack of infor- 
mation is probably due to the great difficulties in obtaining a 
highly potent concentrate of vitamin esters. An attempt to 
isolate the esters from a commercial grade of oil will result in 
failure, because of the low concentration of the vitamin. 

Since concentrates of high potency can conveniently be pre- 
pared by molecular distillation, these were made the basis of an 
attempt to isolate and identify the natural esters of vitamin A 
in Norwegian medicinal cod liver oil. 


* Communication No. 607 from the Kodak Research Laboratories. 
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EXPERIMENTAL 


For the isolation and identification of the ester combinations, 
use was made of the ability of the conjugated system of double 
bonds present in the polyene alcohol, vitamin A, to form addition 
products with maleic anhydride or citraconic anhydride. 

Addition Product of Vitamin A Palmitate with Maleic Anhydride 

-Aside from minor differences, the method employed for the 
isolation of this substance was essentially the same as that given 
by Hamano (3). 

200 gm. of cod liver oil concentrate obtained by molecular dis- 
tillation, having an apparent vitamin A potency of 325,00 u.s.p. X 
units per gm. as determined by means of a Hilger vitameter, were 
dissolved in 200 ec. of dry benzene. To this, 30 gm. of freshly 
distilled maleic anhydride, dissolved in 300 cc. of benzene, were 
added and the air in the vessel replaced by nitrogen. After the 
solution had stood at room temperature for 10 days, the benzene 
was distilled off and the excess maleic anhydride removed by 
vacuum distillation. 4 liters of petroleum ether (b.p. 35-65°) were 
now added. After the solution had stood in a refrigerator for 3 
days, a small quantity of fine crystals separated which were 
filtered off and washed with petroleum ether to remove adhering 
oily material. The total yield was 1.342 gm. After repeated 
recrystallizations from acetone, the substance gave a melting 
point of 219-220° (uncorrected), which is identical with that 
reported by Hamano (3). 


4.466 mg. substance: 11.969 mg. CO, and 3.561 mg. H,O 
CuHgOs (720.5). Calculated. C 73.33, H 8.88 
Found. ** 73.10, “* 8.92 


A further identification of the isolated addition compound was 
made by way of synthesis from a freshly prepared concentrate 
of the free alcohol, having an apparent (vitameter) potency of 
3,500,000 u.s.p. X units per gm., and palmity]l chloride in benzene- 
pyridine solution, according to the method given by Hamano. 
The compound prepared from this synthetic ester when mixed 
with the product obtained from cod liver oil concentrate gave no 
depression of the melting point. 

Palmitic Acid—A portion of the isolated addition compound 
was then saponified by refluxing it with 4 N alcoholic potassium 
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hydroxide for 1 hour. After dilution with water and acidification 
with hydrochloric acid, a flocculent precipitate formed. This 
was extracted with petroleum ether and after evaporation of the 
solvent gave crystals which, after purification over the barium 
salt, had a melting point of 63°. When mixed with an authentic 
sample of palmitic acid, no depression in melting point could be 
observed. 


SUMMARY 


A vitamin A ester has been isolated from Norwegian medicinal 
cod liver oil in the form of its dimaleic anhydride addition com- 
pound and has been identified as vitamin A palmitate. It is 
present in the oil to an extent of approximately 3 per cent of the 
total esters. 
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COMPOUNDS RELATED TO CANALINE AND 
CANAVANINE* 


By ERNEST BOREK anp H. T. CLARKE 


(From the Department of Biological Chemistry, College of Physicians 
and Surgeons, Columbia University, New York) 


(Received for publication, July 8, 1938) 


In 1929 Kitagawa (1-3) and his collaborators isolated from the 
non-protein fraction of jack bean (Canavalia ensiformis) an amino 
acid, canavanine, which is decomposed by an enzyme present in 
liver into urea and another amino acid, canaline. He assigned 
the following formule to the two compounds. 


NH, H H 
C—N—O—CH,—CH,—C—COOH —> 
y, , 

NH NH, 


Canavanine 


H 
(NH,),CO + H:.N—-O—CH,;—CH,—-C—-COOH 


NH, 


Canaline 


These structures were confirmed by means of degradation ex- 
periments by Gulland and Morris (4). 

The discovery of a naturally occurring ether of hydroxyguani- 
dine makes desirable further knowledge of the general properties 
of this type of compound, and of the related ethers of hydroxyl- 
amine, which have received relatively little attention. Experi- 
ments have therefore been undertaken to develop convenient 


* This report is from a dissertation submitted by Ernest Borek in partial 
fulfilment of the requirements for the degree of Doctor of Philosophy in 
the Faculty of Pure Science, Columbia University. 
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syntheses of representative members of these classes, and, if pos- 
sible, of canaline. 

The dissociation constants of canavanine and canaline have 
been determined by Tomiyama (5), but in the interpretation of 
his data this author interchanged the values respectively attribu- 
table to the a-amino and carboxyl groups. He assigned a pK 
value of 10.3 to the —ONHz: group of canaline, thereby indicating 
it to be more strongly basic than the a-amino group — an inference 
which has little plausibility. The dissociation constants of simple 
derivatives of hydroxylamine and hydroxyguanidine have there- 
fore been determined, and compared with those of canaline and 
canavanine. 

The regeneration of canavanine from canaline has been accom- 
plished by Kitagawa and Takani (6), by the action of methyl- 
isourea upon a-benzoylcanaline. In the endeavor, here described, 
to effect a total synthesis of canaline, unexpected difficulties were 
encountered, and all attempts to adapt the several customary 
syntheses for a-amino acids have been unsuccessful. While this 
investigation was in progress, Kitagawa (7) regenerated canaline 
from the y-hydroxy-a-aminobutyric acid obtained by the catalytic 
reduction of canaline. This phase of the present work has been 
abandoned, but some of the observations made during its unsuc- 
cessful progress may be of sufficient interest to record. 

a-Substituted hydroxylamines have been prepared by Werner 
(8, 9) from benzenylamidoxime by an elaborate procedure in 
which the isolation of intermediate and final products was ham- 
pered by the possible formation of isomers. Later, Traube and 
his collaborators (10) prepared some a-substituted hydroxylamines 
by condensing alkyl halides and sulfates with potassium hydroxyl- 
amine disulfonate; since the intermediate products are insoluble 
in organic liquids, this method does not readily lend itself to 
organic syntheses involving a series of reactions. 

The synthesis here described was carried out by condensing the 
sodium salt of acetoxime with alkyl halides and converting the 
product by acid hydrolysis into the corresponding a-substituted 
hydroxylamine. 


2(CH;);C—=N—OH + 2Na — 2(CH;),C—=N—O—Na + H; 
(CH;),;C==N—O—Na + BrR -— (CH;),C=N—O—R + NaBr 
(CH;),;C=N—O—R + HCl — H,N—O-—R + (CH;),CO 
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The substituted acetoximes can usually be distilled and can be 
readily used in organic reactions, giving very satisfactory yields. 
_ The formation of isomers is excluded, and on acid hydrolysis a 
single product results. 

Hydroxyguanidine has apparently been prepared only once (11), 
and none of its derivatives was known prior to the discovery of 
canavanine. Carboxymethoxyguanidine has recently been syn- 
thesized, but inadequately characterized, by Kitagawa and Takani 
(6). In the present work the guanidoxyl derivatives were syn- 
thesized by the condensation of a-substituted hydroxylamines with 
S-methylisothiourea sulfate (12). 

Carboxymethoxyguanidine (guanidoxyacetic acid) was prepared 
in this way from carboxymethoxylamine (13). Unlike glycocy- 
amine, creatine, and the benzhydroxamidine derivative of Werner 
(8) it shows no tendency to undergo ring closure on treatment 
with mineral acid. Moreover, potentiometric back titration of a 
solution to which excess hydrochloric acid had been added showed 
no change in pK (14). 


Titration Curves (Figs. 1 and 2) 


Since a-substituted hydroxylamines react with quinhydrone and 
are readily reduced by hydrogen in the presence of platinum, the 
glass electrode was used for the potentiometric titrations. All the 
constants are calculated on the hydrogen scale; pK, is the apparent 
dissociation constant of carboxyl groups, and pK. = pKw — pKx, 
that of the basic (aminoxyl and guanidoxyl) groups. 

Although the potentiometric titration curve of hydroxylamine 
has not previously been carried out, its dissociation constant has 
been calculated from other data. Winkelblech (15) from studies 
of the conductivity of hydroxylamine hydrochloride solutions re- 
ported Ky = 7.35 X 107°; pK = 5.89. Olander (16) obtained 
its titration curve using colorimetric methods for the pH deter- 
mination and found Kg = 1.07 X 10~*; whence pK = 6.03. 
Berthoud and Eichenberger (17) from colorimetric determinations 
of the pH of hydroxylamine hydrochloride solutions of different 
concentrations found pK = 6.0 to 6.1. These are in good agree- 
ment with our results (Table I). 

a-Substituted hydroxylamines are weaker bases than the parent 
substance. Carboxymethoxylamine is so weak a base (pK, = 
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Fic. 1. Titration curves. Curve 1, NH,OH; Curve 2, NH,OCH;; Curve 
3, NH,OCH:CH.CH.COOH; Curve 4, NH,OCH,CH,CH,COOH in 18 per 
cent formaldehyde solution; Curve 5, NH,OCH,COOH; Curve 6, 
NH,OCH,COOH in 18 per cent formaldehyde solution; Curve 7, (CH;),C= 
NOCH.COOH. 
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Fic. 2. Titration curves. Curve 1, NH,C(NH)NHOCH,COOH; Curve 
2, (NH.C(NH)NHOCH;):H.SO,; Curve 3, NH:C(NH)NHOCH,CH,CH,- 
COOH. 
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4.67) that it crystallizes from solutions containing excess HC! as 
the semihydrochloride (13). On the other hand, y-carboxypro- 
poxylamine, in which the basic group is stronger and the carboxy! 
weaker, crystallizes under the same conditions as the normal 
hydrochloride. 
TABLE | 
Summary of Apparent Dissociation Constants of Some Substances Related to 
Canaline and Canavanine 


pK, pK: 


5. 
ea 
a 
- = = 
© Zz Z. 
NH,OH 6.10 | 
NH,OCH;,...... 4.62 
NH,OCH,COOH 2.87 | 4.67 
NH,OCH,COOH in CH,O 3.46 
(CH;)2eC—=NOCH,COOH 3.56 
NH,OCH,CH,CH,COOH 3.83 | 5.23 
NH,OCH,CH,CH,COOH in CH,O 4.94 
NH.C(NH)NHOCH,; 7.46 
NH,C(NH)NHOCH,COOH 2.68 7.51 
NH-.C(NH)NHOCH,CH,CH,COOH Rs 4.07 | 7.59 
TaBLe II 
Dissociation Constants of Canavanine and Related Compounds 
pki pK: ph, 
Canaline .. . 2.40 (COOH) 4.3 (—ONH,) 9.20 (a-NH;) 
Canavanine .. 2.50 ~ 7.40 (—ONHC- 9.25 % 
(NH)NH,) 
Alanine (20).. 2.61 " 9.72 (a-NH:) 
Arginine (20) 2.24 - 6.9 spe 14 (—NHC- 
(NH)NH;) 


In formaldehyde solutions the basic character of a-substituted 
hydroxylamines disappears; in 18 per cent formaldehyde solution 
the pK of carboxymethoxylamine on the alkaline side is essenti- 
ally the same as that of acetone carboxymethoxime in water. 

Although guanidine and most of its alkyl derivatives are very 
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strong bases (18), the relatively weakly basic character of the 
guanidoxyl group, which contains the strongly electronegative 
oxygen atom, conforms with the concept involving resonance 
outlined by Pauling (19). 

The pK values for the aminoxy] (4.6 to 5.2) and the guanidoxy! 
(7.4 to 7.6) groups, shown in Table I, are in good agreement with 
those reinterpreted from the data of Tomiyama (5) for canaline 
and canavanine (Table II). For comparison, the values for ala- 
nine and arginine, quoted by Clark (20), are included. 


Attempted Syntheses of Canaline 


In the first attempts to synthesize canaline, acetone 8-bromo- 
ethoxime was condensed with sodium phthalimidomalonic ester. 
The product, on acid hydrolysis, should have yielded canaline. 
Although sodium bromide was formed during the condensation 
reaction, glycine was the sole product obtained on acid hydrolysis. 
This finding is not without parallel. Dunn and Smart (21), in a 
study of the optimum conditions for the preparation of a-amino 
acids by this method, found that, whereas trimethylene bromide 
and y-chlorobutyronitrile condense with phthalimidomalonic 
ester, ethylene bromide, 8-chloropropionitrile, and ethyl 6-chloro- 
propionate do not do so. 

The next method tried involved the bromination and ammonol- 
ysis of acetone-y ,y-dicarboxy (or y,y-dicarbethoxy) propoxime. 
From the bromination of the dicarboxy compound (CH;),.C= 
NOCH,CH:CH(COOH), there was obtained a very unstable 
bromo compound containing 2 atoms of bromine, 1 of which is 
ionizable. This compound decomposes even in the dry state, 
yielding bromine and hydrogen bromide. In aqueous or ammo- 
niacal solutions it forms an uncrystallizable tar which on acid 
hydrolysis yields nitric acid and some hydroxylamine. This 
finding was unexpected, for experiment had shown acetone car- 
boxymethoxime to be unaffected by bromine under the conditions 
employed. 

The bromination of benzoyl-y,y-dicarboxypropoxylamine, 
CsHsCONHOCH,;CH:CH(COOH)s, yielded a stable, crystalline 
bromine derivative containing no ionizable bromine. This sub- 
stance on decarboxylation yielded a crystalline compound which 
gave good analyses for benzoyl-y-bromo-y-carboxypropoxylamine, 
CsHs;CONHOCH,CH;CHBrCOOH, but on treatment with am- 
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monia broke down into benzamide and an uncrystallizable tar. 
The original bromination product, upon ammonolysis, yielded a 
crystalline but unstable product containing 3 atoms of nitrogen, 
of which 2 could be liberated as ammonia. The crystalline prod- 
uct on warming with 1 equivalent of Nn HC] yielded benzamide and 
an uncrystallizable tar. 

Attempts to synthesize canaline by means of the procedures 
developed by Curtius (22) and by Pyman (23) were likewise un- 
successful. Experimental details of these attempts are not here 
reported. 


EXPERIMENTAL 


N-Benzoylcarborymethorylamine—This compound was prepared 
by Werner (8) and by Kitagawa and Takani (6) by methods dif- 
ferent from that here described. To 1 gm. of carboxymethoxyl- 
amine semihydrochloride in 20 cc. of 2N NaOH, 1.5 gm. of benzoy! 
chloride were added in five portions with vigorous stirring. After 
about 30 minutes the solution was acidified to Congo red with 
3 N HCI; the product was extracted with ether, and dissolved in 
5 ec. of hot ethyl acetate. On the addition of 35 cc. of carbon 
tetrachloride 0.9 gm. (53 per cent of the theoretical amount) of 
benzoylearboxymethoxylamine crystallized out free of benzoic 
acid, which under these conditions remains in solution. After 
two recrystallizations the melting point was constant at 123° 
(Werner (8) reports a melting point of 135-138°; Kitagawa and 
Takani (6) 139-140°). 


Analysis—C,H,O.N. Calculated. C 55.4, H 4 
Found. + 


Acetone 8-Bromoethoxime—To a cooled solution of 125 gm. of 
sodium in 3 liters of absolute alcohol, 400 gm. of acetoxime were 
added. The alcohol was evaporated under diminished pressure, 
and the residue dried first on the steam bath and finally under | 
mm. pressure in an oil bath at 110° for 1 hour. The crystalline 
mass was vigorously shaken with 1.5 liters of toluene on a shaking 
machine until it became a thin paste. It was then added in five 
portions during an hour to 4 kilos of gently boiling ethylene di- 
bromide, with mechanical stirring. The mixture was gently 
boiled until neutral to litmus (about 2.5 hours). During the reac- 
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tion about 23 gm. of vinyl bromide were evolved and collected in 
a trap cooled with solid CO. The sodium bromide was removed 
and washed with toluene. The combined filtrates were fraction- 
ated through an eight plate bubbler column (24) at 30 mm., and 
the fraction distilling up to 35° (bath up to 70°) was discarded. 
The residue was dissolved in 600 cc. of ether and washed three 
times with 150 cc. portions of water. The dried ethereal residue 
was distilled under 1 mm. pressure, the fraction boiling at 36-45° 
(bath temperature 50-65°) being collected. The yield was 200 
gm. (20 per cent of the theoretical amount). 


Analysis—C,H;,ONBr. Calculated. C 33.3, H 5.6, N 7.8, Br 44.4 
Found. Seee.."*: 3.3% 7.7, * 4.6 


Acetone y,y-Dicarbethorypropoxime—To a cooled solution of 
8.5 gm. of sodium in 200 cc. of freshly distilled absolute ethyl 
alcohol, 90 gm. (50 per cent excess) of ethyl malonate were added, 
followed by 67 gm. of acetone 8-bromoethoxime in four portions. 
The whole was gently boiled on the steam bath, with stirring, for 
1.5 hours. The mixture was cooled, diluted with 300 cc. of water, 
and extracted with 1250 cc. of ether in five portions. The ethereal 
extract was distilled under reduced pressure; b.p. 120-128° at 2 
mm. The yield was 70 gm. (72 per cent of the theoretical 
amount). 


4 
3 


co 


Analysis—C,.H2,O;N. Calculated. C 55.6, H 8.1, N 
Found. fit 6% Hoe 1 Gy 


or 


Acetone y,y-Dicarboxryproporime—-To 9.7 gm. of the above 
ester in 15 ec. of ethyl alcohol 40 ce. of 5 N sodium hydroxide were 
added. After being boiled for 1 hour the mixture was cooled to 
0° and acidified to Congo red with 6 N sulfuric acid, saturated with 
sodium chloride, and extracted with 400 cc. of ether in five por- 
tions. The ethereal extract, on evaporation, crystallized in long 
needles. These were recrystallized from a mixture of ethyl ace- 
tate and carbon tetrachloride. The yield was 6.8 gm. (89 per 
cent of the theoretical amount); m.p. 113°. It was soluble in 
water, alcohol, and ether; insoluble in chloroform and carbon 
tetrachloride. 


Analysis—C,H,,0;N. Calculated. C 47.3, H 6.4, N 6.9 
Found. a" tin ee 
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y ,y-Dicarbethoryproporylamine H ydrochloride—To a solution of 
27 gm. of acetone y ,y-dicarbethoxypropoxime in 700 cc. of abso- 
lute ethyl alcohol, 50 cc. of concentrated hydrochloric acid were 
added and the mixture was slowly distilled through a long Vigreux 
column, the volume being kept constant by the addition of alcohol. 
After 5 hours the solution was concentrated under diminished pres- 
sure to a thick syrup; this was dissolved in 20 cc. of absolute alcohol 
and 400 ec. of ether were added. The clear solution, in the ice 
box, deposited 10 gm. of the ester hydrochloride. The mother 
liquor, concentrated to a syrup under diminished pressure, and 
distilled as before with 700 cc. of alcohol and 50 cc. of concentrated 
hydrochloric acid, yielded on further distillation 6.5 gm. of crystals. 
Two repetitions of the process yielded crops of 5.0 and 3.5 gm. 
The total yield of 25 gm. represents 92 per cent of the theoretical 
amount. The product after recrystallization from alcohol-ether 
solution melted at 103°. 


Analysis—C,H,,0;NCl. Calculated. C 42.3, H 7.0, N 5. 
8, ; 


‘1 13.9 
Found. * 43.1, * 6.8,” 9 7 


5, 
8, 13. 

Benzoyl-y ,y-Dicarboryproporylamine—To 5.5 gm. of the above 
hydrochloride in 80 ec. of saturated sodium bicarbonate solution, 
4.4 cc. of benzoyl chloride were added in four portions at 10 
minute intervals, with vigorous stirring. After the odor of benzoyl 
chloride was no longer detectable, the mixture was extracted with 
125 ce. of ether. The ether solution was evaporated; 42 cc. of N 
potassium hydroxide were added to, the residue and the mixture 
refluxed for 1 hour. The solution was concentrated under dimin- 
ished pressure to a heavy syrup which was stirred with 400 cc. of 
absolute alcohol. The insoluble dipotassium salt was filtered off, 
dissolved in 35 ce. of water, acidified to Congo red with hydro- 
chloric acid, and extracted with 100 cc. of ethyl acetate in three 
portions. The combined extracts were dried in a vacuum desic- 
eator. The crystalline mass was taken up in 150 cc. of boiling 
ethyi acetate and carbon tetrachloride (75 cc.) was added to incip- 
ient precipitation. After 6 hours in the ice box 100 cc. more of 
carbon tetrachloride were added to complete crystallization. The 
yield was 4.4 gm. (76 per cent of the theoretical amount). After 
three such crystallizations, the melting point was 150°. 











488 Canaline and Canavanine 


A nalysis—C,,H 06N 
Calculated. C 53.9, H 4.9, N 5.2, neutralization equivalent 133.5 
Found. “Ba, ~ 6.9,“ 6.2, on es 132 


Benzoyl-y-Carboryproporylamine—3.1 gm. of benzoyl-y ,y-di- 
carboxypropoxylamine were heated at 155-160° for 25 minutes. 
When cold, the crystalline mass was dissolved in 30 cc. of boiling 
ethyl acetate and 100 cc. of carbon tetrachloride were slowly added 
to the solution. The yield was 2.4 gm. (93 per cent of the theo- 
retical amount). After two recrystallizations the melting point 
was 112°. 

Analysis—C,H,;0,N. Calculated. C 59.2, H 5.8, N 6 

Found. * 66.86, “ 6.2, 6 


y-Carboryproporylamine Hydrochloride—A solution of 500 mg. 
of the above benzoyl derivative in 30 cc. of 3 N HCl was boiled for 
1.5 hours, cooled, filtered from benzoic acid, and evaporated to 
dryness under diminished pressure. The crystalline residue was 
taken up in 4 ec. of 98 per cent alcohol and 50 cc. of ether were 
added. The needles after recrystallization from alcohol-ether 
melted at 142°. 


Analysis—C,H,~O;NCI. Calculated. C 31.0, H 6.5, N 9.0 
Found. ™2b8,'%: 67, 6:9 


y-Carboxypropoxylamine hydrochloride was also prepared by 
the decarboxylation and subsequent hydrolysis of acetone y , y-di- 
carboxypropoxime. 4.6 gm. of this substance were heated at 
130° for 15 minutes. The resulting syrup was dissolved in 40 ce. 
of 3N HCl. The solution was gently boiled for 2 hours under a 
long Vigreux column so as to remove acetone, then evaporated to 
dryness under diminished pressure. The crystalline residue was 
dissolved in 10 ce. of cold 95 per cent alcohol; 150 cc. of ether were 
added, and the solution was placed in the ice box overnight. The 
yield was 2.6 gm. On repetition of the process with the mother 
liquor a second crop was obtained. The total yield was 3.3 gm. 
(89 per cent of the theoretical amount) ; m.p. 142°. 

Methoxryguanidine Sulfate—To 46.4 gm. of methylisothiourea 
sulfate in 300 cc. of water 20 gm. of a-methylhydroxylamine in 
45 cc. of water were added slowly, with stirring, during 2 hours, 
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the temperature being held at 70°. The solution was then boiled 
for 1.5 hours under a reflux to expel residual methyl mercaptan. 
It was then concentrated to about 100 cc. under diminished pres- 
sure; 50 cc. of 95 per cent alcohol were added and the color re- 
moved with charcoal. To the filtrate 400 cc. of 95 per cent al- 
cohol were added, and the cloudy solution was placed in the ice 
box. At the end of 2 hours a copious amount of crystals had been 
deposited ; 300 ce. of 95 per cent aleohol were added, and the mix- 
ture was kept in the ice box overnight. The crystals were filtered 
off and washed with absolute alcohol. 30 gm. were obtained. 
The mother liquor, after concentration to 25 cc., yielded 10 gm. 
more by precipitation with alcohol. The yield was 87 per cent 
of the theoretical amount. After three crystallizations from 
water-alcohol solution the melting point was 145-146°. 


Analysis—C,H,OcN oS. Calculated. C 17.4, H 5.8, N 30.4, SO, 34.8 
Found. el Se S08... 7: 868 
. 2 oe 


The nitrogen was determined by macro-Kjeldahl procedure after 
reduction with zine and hydrochloric acid. 

Carborymethoryguanidine—To a chilled solution of 5.5 gm. of 
carboxymethoxylamine semihydrochloride in 300 cc. of 0.2 N 
H.SO, a suspension of silver oxide, prepared from 4.25 gm. of 
AgNO, was slowly added with stirring. The centrifuged solution 
and washings were saturated with H,S. The colloidal precipitate 
was coagulated by chilling in solid carbon dioxide and filtered off 
after thawing. 14 gm. of recrystallized Ba(OH).-8H,O were 
added to the solution, followed by 7.5 gm. of methylisothiourea 
sulfate. The mixture was stirred at 85-90° for 3 hours, cooled, 
and centrifuged. The supernatant and washings were freed of 
barium and concentrated to 50 cc. under reduced pressure. The 
crystals that appeared were filtered off, and a second crop secured 
from the filtrate by adding 250 cc. of 1:1 ether-alcohol solution, 
seeding, and chilling. Total yield, 4.2 gm. (63 per cent of the 
theoretical amount). After three recrystallizations the melting 
point was 195°. 


Analysis—C;H;O;N;. Calculated. C 27.1, H 5.3, N 31.6 
Found. Re.” ee,” a 
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A solution of 0.8 gm. of carboxymethoxyguanidine in 3 cc. of 
21 per cent HCl] was evaporated on the steam bath to a syrup. 
This crystallized in a vacuum desiccator over P.O; and KOH, 
and was further dried for 2 hours at 100° over P:O; in vacuo. The 
melting point was 110-111°. 


Analysis—C;H;O;N;Cl. Calculated. C 21.2, H 4.7, Cl 20.9 
Found. * a2 .4:° 6.4." 08 


On treatment in concentrated aqueous solution with pyridine the 
original product crystallized. It gave no depression of melting 
point when mixed with untreated material. 

y-Carboryproporyguanidine—A chilled solution of 2.5 gm. of 
y-carboxypropoxylamine hydrochloride in 50 ec. of 0.1 N sulfuric 
acid was treated as above described with silver oxide, made alka- 
line to litmus with barium hydroxide, and heated with 3 gm. of 
methylisothiourea sulfate. After removal of barium the solution 
was evaporated to dryness under diminished pressure. The 
residual syrup was dissolved in 10 cc. of water; 80 cc. of alcohol 
and then 100 cc. of ether were added, and the cloudy solution 
placed in the ice box. After 6 hours 100 cc. more ether were added 
to complete the crystallization. The yield was 1.6 gm. (60 per 
cent of the theoretical amount). After three recrystallizations 
from aqueous alcohol it melted at 205°. 


Analysis—C,H,,0;N;. Caleulated. C 37.3, H 6.8, N 26.1 
Found. "im oe, 2.7 


Stability of Acetone Carboxrymethoxime to Bromine—To a solu- 
tion of 0.5 gm. of acetone carboxymethoxime in 5 cc. of alcohol- 
free ether 0.6 gm. (0.2 cc.) of bromine was added. The solution 
was allowed to remain at room temperature (24°) for 2 hours. 
The ether and most of the bromine were evaporated under dimin- 
ished pressure, the residue was dissolved in 15 ce. of ether, and 
the solution again evaporated. The brown syrup was dissolved 
in 2 ce. of ethyl acetate and carbon tetrachloride (about 4 ce.) 
was added until it became cloudy. The crystalline product ob- 
tained on inoculation and chilling was recrystallized as above. It 
did not depress the melting point of the original substance. 

Bromination of Acetone y,y-Dicarboryproporime—To 8.5 gm. 
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of acetone y , y-dicarboxypropoxime in 100 cc. of dry, peroxide-free 
ether, 22 cc. of a solution of bromine in carbon tetrachloride con- 
taining 30 gm. per 100 cc. were added in five portions during 30 
minutes. All the bromine was taken up, and an oil precipitated 
which readily crystallized when scratched. The crystalline mass 
was ground and washed with 250 ce. of ether. The yield was 13 
gm. The product was dried in vacuo at 70° for analysis. 


A nalysis- . C sH,;0;N Br, 
Calculated. C 26.5, H 3.5, N 3.9, Br 44.1, Br~ 22.1 
Found. ‘Roe O4"4. "eae Pos 
“Ou * 34," Oa 


The crystalline compound is very unstable; bromine and HBr 
were liberated in a few days even from the dry product. In 
aqueous solution it evolved carbon dioxide at 25°, and on concen- 
tration under diminished pressure yielded a purple tarry mass. 
An ether extract of a decarboxylated aqueous solution, on evapora- 
tion, also yielded only a tar. 

The brominated acid was dissolved in 20 times its weight of cold 
concentrated ammonia and allowed to remain at 20° for 50 hours. 
On application of customary isolation procedures, there was ob- 
tained an amorphous, brown product, soluble in water but insolu- 
ble in alcohol. The alcohol solution when evaporated yielded 
ammonium nitrate, and, in runs in which the product after am- 
monolysis was subjected to acid hydrolysis, some hydroxylamine. 

Bromination of Benzoyl-y ,y-Dicarboryproporylamine—After it 
had been established that benzoylearboxymethoxylamine can be 
recovered unchanged after treatment with bromine, a solution of 
2 gm. of benzoyl-y ,y-dicarboxypropoxylamine in 150 ec. of ethyl 
acetate was treated at 25° with 1.4 gm. of bromine in 5 ce. of 
carbon tetrachloride in two portions. Decolorization was com- 
plete in about 20 minutes. The solution was evaporated to dry- 
ness under diminished pressure, the crystalline product was dis- 
solved in the least amount of boiling ethyl acetate (about 75 cc.), 
and after the addition of 150 ec. of carbon tetrachloride it was 
placed in the ice box. The yield was 2.3 gm. (89 per cent of the 
theoretical amount). After three recrystallizations the product 
melted at 105° with evolution of CO,.. Since the compound is 
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unstable, it was dried at room temperature, and apparently con- 
tained solvent of crystallization. 
Analysis— 
Cy2Hw.OsNBr. 
Calculated. C41.6,H3.5, N 4.1, Br 23.1, neutralization equivalent 173 
CyHy,OsNBr- C,H,0s.. 
Calculated. C 44.2, H 4.6, N 3.2, Br 18.4, neutralization equivalent 217 
Found. ** 45.0, * 5.0, “* 3.2, “ 17.2 206 
“e 45.5 “ 4. 6, “ 3. 3 


On treatment with ammonia it yielded a crystalline product 
which separated on the addition of alcohol. 
Analysis— 


Cy.HyOsN -2NHs3. Calculated. C 49.5, H 6. §, } 
Found. ** 48.9, “ 5.7, 


When an aqueous solution of this substance was allowed to stand 
overnight, an uncrystallizable tar was precipitated on adding 
alcohol. When it was boiled for 5 minutes with 1 equivalent of 
N HCl, benzamide was produced almost quantitatively, but no 
other product could be isolated. 
Benzoyl-y-Bromo-y-Carboryproporylamine—When heated at 
110°, the above bromodicarboxylic acid gave off carbon dioxide 
and hydrogen bromide; at 105° only decarboxylation occurred. 
1.5 gm. was held at 105° + 1° for 15 minutes; the product, which 
crystallized on cooling, was recrystallized from ethyl acetate- 
carbon tetrachloride. The yield was 1.1 gm.; mp. 149°. 


Analysis—C,,H,,O,NBr. Calculated. C 43.7, H 4.0, N 4.6, Br 26.4 
Found. 44.0, “ 4.0, 2. " gee 


On treatment with excess cold, concentrated ammonia this 
compound yielded benzamide and an uncrystallizable tarry 
product. 

Attempted Condensation of Acetone B-Bromoethorime with Ethyl 
Sodium Phthalimidomalonate—Benzene, toluene, xylene, phene- 
tole, and cymene were tried as diluents for the condensation. The 
reaction in phenetole will serve as an example of the method. 
15.2 gm. of acetone 6-bromoethoxime, 18.6 gm. of ethyl sodium 
phthalimidomalonate, and 45 cc. of phenetole were heated at 155- 
160° for 1.25 hours with stirring. When cold, the brown mixture 
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was treated with ether and filtered. The ether was evaporated 
and the phenetole removed by distillation at 1 mm. The brown, 
glassy residue (16.5 gm.) was dissolved in 30 cc. of glacial acetic 
acid and 40 cc. of 12 N H2SQ,, and boiled under a reflux for 4 hours. 
80 cc. of water were added and the mixture was extracted with 
400 cc. of ether in five portions to remove all the phthalic acid. 
The aqueous portion was diluted with water, freed of sulfate, and 
concentrated under diminished pressure. The syrup yielded 
3.25 gm. of crystals. To 520 mg. of these, saturated rufianic acid 
solution was added; only 50 mg. of precipitate were obtained. 
The excess rufianic acid was removed from the filtrate with 
Ba(OH), and the excess barium removed with H.SO,. The solu- 
tion was concentrated under diminished pressure and treated with 
excess absolute alcohol, when 400 mg. of crystals, which were found 
to be pure glycine, were obtained. 


Titration Curves 


0.05 m solutions were titrated at 23° + 2° with n sodium hydrox- 
ide and with Nn hydrochloric acid. The dilution was therefore not 
greater than 5 per cent. The pH measurements were made with 
a glass electrode (25) which had been calibrated with standard 
buffers. The measurements are reliable to +0.02 pH unit. 
Each constant reported is the average of five points on curves 
corrected for water blanks. 

In the formaldehyde titrations the solutions were 0.05 m in 18 
per cent formaldehyde solution. 


The authors are indebted to Mr. William Saschek for many 
of the microanalyses here reported. 


SUMMARY 


The preparation of several carboxylated ethers of hydroxyl- 
amine and hydroxyguanidine is described. The apparent disso- 
ciation constants of these substances are in good agreement with 
those of the corresponding groups in canaline and canavanine. 
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THE PREPARATION OF FATTY ACIDS 
CONTAINING DEUTERIUM* 
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In this paper we describe two methods for the preparation of 
deuterofatty acids, both of which are based on the fact that carbon- 
bound hydrogen may under exceptional conditions become labile 
and exchange with the deuterium of solvents. The first method, 
namely the treatment of ordinary fatty acids with hot concen- 
trated D.SO,, has been reported in a preliminary note (1). This 
method is based on the finding of Ingold, Raisin, and Wilson (2) 
that some hydrocarbons exchange their hydrogen with that of 
D-SO,. Saturated fatty acids are very resistant to hot sulfuric 
acid, and the loss of organic material after such treatment is very 
small. The deuterium thus introduced is stably bound; it is not 
removed from the fatty acids by treatment with boiling dilute 20 
per cent sulfuric acid or with boiling 7 per cent aqueous alcoholic 
KOH. This was to be expected, as all the hydrogen atoms in 
fatty acids, except that of the carboxyl group, are known to be 
stable under such conditions." 


* This work was carried out with the aid of a grant from the Josiah 
Macy, Jr., Foundation. 

t Commonwealth Fund Fellow, now at the Biochemical Laboratory, 
University of Cambridge, England. 

! The hydrogen of fatty acids is also stable in esters. Tributyrin was 
saponified by refluxing with 7 per cent D.O containing 7 per cent NaOH, 
and the sodium butyrate isolated contained no deuterium. This experi- 
ment rules out the possibility that hydrolysis of the tributyrin was accom- 

OH 
panied by enolization of the group R--CH,C 
No 
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Closer investigation has now shown that by this method less 

D than is equivalent to 2 deuterium atoms is introduced into the 
fatty acid molecule. In the cases of palmitic acid it has been 
shown that the deuterium atoms are attached to the a-carbon 
atom, since the conversion into the a-bromopalmitic acid leads 
to a loss of exactly half of the total deuterium. 

D Br 

Br 

CH, (CH3)3-C- COOH —p CHs-(CH:2):3*C- COOH 
D D 


The amount of deutertum which can have been introduced at 
other carbon atoms must have been negligible. 

The method is limited to the preparation of a-deuterofatty 
acids, which may prove to be of interest for some biological inves- 
tigations. It is not applicable to the preparation of unsaturated 
deutero acids, since double bonds are attacked by concentrated 
sulfurie acid. 

The second method is based on the labilization of carbon-bound 
hydrogen by active platinum at high temperatures. Horrex and 
Polanyi (3) have shown that deuterium is introduced into cyclo- 
hexane and isopentane by heating them with heavy water in the 
presence of active platinum. When the higher fatty acids are 
shaken with active platinum and D,O at 120° for several days, 
only a very small amount of deuterium is introduced into the 
compounds. Large amounts, however, are introduced on the 
addition of alkali in quantities insufficient for neutralization of 
the acid. It may be that in the absence of alkali the orientation 
of the fatty acid at the oil-water interface is such that only the 
carboxyl group and the adjacent carbon atoms are in contact 
with the water. On the addition of alkali part of the acid goes 
into solution as soap, and an equilibrium exists between the 
dissolved and the undissolved phase. This may permit the 
hydrogen atoms of the chain to react. The effect of alkali might 
also be due to basic catalysis. 

The method has the advantage that the deuterium atoms are 
introduced at many, and perhaps all, of the carbonatoms. By 
varying the deuterium concentration of the water it is possible to 
prepare acids of any desired deuterium content. No loss of fatty 
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acids is involved, and the heavy water, the deuterium concentra- 
tion of which is correspondingly decreased, can be quantitatively 
recovered. 


EXPERIMENTAL 
Exchanges with DSO, 


Exchange of Deuterium between Palmitic Acid and DSO, 
Concentrated D.SO,, 100 per cent with respect to sulfuric acid, 
and containing 95 atom per cent of deuterium was prepared by 
dissolving 1 mole of SO; in 1 mole of 95 per cent DO. 1 gm. of 
palmitic acid and 1.85 gm. of the 100 per cent D.SO, were weighed 
into a test-tube, and 0.186 cc. of 95 per cent D.O added to bring 
the sulfuric acid concentration to 90 per cent. The neck of the 
tube was drawn to a long capillary and the tube placed in an 
oven at 98-100° for 50 hours. The tube was opened and the 
dark amber contents precipitated with water, and extracted with 
ether. The ethereal solution was extracted with alcoholic KOH, 
and the alkaline solution acidified with dilute H,SO, and extracted 
again with ether. By this process the labile deuterium of the 
carboxyl group was completely replaced by ordinary hydrogen. 
After removal of the well dried ether the acid was recrystallized 
from aqueous acetone, yielding 913 mg. of palmitic acid, m.p. 
62.5°, containing 4.32 atom per cent of deuterium. Assuming 
that D and H atoms have the same affinity for the carbon atoms, 
this corresponds to an exchange of 1.38 H atoms per molecule. 

Similar tests on 1 gm. quantities of palmitic acid with 95 and 
98 per cent DSO, gave 764 and 593 mg. of acid containing 5.04 
and 4.62 atom per cent of deuterium respectively (corresponding 
to 1.79 and 1.48 atoms of deuterium per molecule). An experi- 
ment with 90 per cent DSO, at 130° yielded 933 mg. of palmitic 
acid containing 4.6 atom per cent of deuterium (1.47 atoms of 
deuterium per molecule). 

Preparation of a-Bromodeuteropalmitic Acid—1.5 gm. of deutero- 
palmitic acid, prepared by the exchange with D.SO, and con- 
taining 4.65 atom per cent of deuterium, were ground with 0.12 
gm. of red phosphorus and transferred to a bromination flask 
fitted with a capillary dropping funnel and attached to a condenser 
by means of a ground glass joint. The mixture was treated 
dropwise with 1.5 cc. of bromine over a period of 20 minutes, and 
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then heated on a steam bath for 1.5 hours. The contents were 
poured into dilute Na,SO; solution, the precipitate taken up with 
ether, the ethereal solution washed with water and dried, and the 
acid recrystallized from light petroleum. Yield, 1.34 gm., m.p. 
53-54°. The deuterium content was 2.48 atom per cent. Assum- 
ing that all the deuterium in the original acid was on the a-carbon 
atom, half should have been removed by bromination. The 
calculated value for the a-bromo acid should then be 2.40 atom 
per cent deuterium. 


Exchanges with DeO in Presence of Platinum 


Before the saturated fatty acids were subjected to the exchange 
reaction, they were purified by recrystallization once from hot 
concentrated H.SO,, and then, with the exceptions of caprylic 
and eaprie acids, from aqueous acetone. The latter two acids 
were redistilled under 15 mm. pressure. 

Preparation of Deuterolauric Acid—750 mg. of platinum oxide 
in 7.5 ec. of 99.5 per cent D.O in a long, narrow necked, round 
bottomed flask are reduced with deuterium gas, 7.5 gm. of lauric 
acid, m.p. 45.2°, and 100 mg. of KOH are added, and the flask, 
after being cooled with solid CO., is evacuated, sealed, and shaken 
for 6 days at 130-135°. After cooling the flask is opened, the 
heavy water sublimed off in vacuo, the residue acidified with 
P.O;, and the acid extracted with ether. To replace the labile 
deuterium of the carboxyl group with hydrogen the ethereal 
solution is extracted with dilute alkali and the acid again extracted 
after acidification. On recrystallization from a large volume of 
aqueous acetone, 7.2 gm. of lauric acid, m.p. 45.2°, containing 
28.7 atom per cent deuterium are obtained. If complete equi- 
librium had been attained (e.g. equal deuterium concentration 
with water and the carbon-bound hydrogen atoms), the deuterium 
content in the isolated fatty acid would have been 48.1 atom 
per cent. 

The deutero acids listed in Table I were prepared in the same 
way. Column 2 gives the deuterium content of the fatty acids 
after isolation, and Column 3 the theoretical deuterium content 
which would be obtained when all the carbon-bound hydrogen 
atoms are in equilibrium with those of the heavy water with 
which they are treated. Column 4 gives the ratio of the values 
in Columns 2 and 3. This is the per cent exchange in each ex- 
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periment with reference to the calculated equilibrium value; for 
example, the deuterostearic acid reached 49.2 per cent of the 
maximum deuterium content. 

The deuterium content of the fatty acids is dependent not 
only upon the concentration of deuterium in the heavy water, 
but also upon the amount of catalyst (see Series C), and upon 
the duration of treatment (see Series B). The exchange is a 


TABLE I 


Preparation of Deuterofatty Acids 


Deuterium 


Acid Deuterium content content estes 
of acid calculated for sttate . 
equilibrium - net 
! (2) 3) (4) 


Series A. 750 mg. PtO.-H.O, 100 mg. KOH in 7.5 ec. of 99% heavy water 
at 130° for 6 days 


gm. atom per cent atom per cent per cent 
Stearic ' 7.5 22.4 +0.2 45.5 49.2 
Palmitic 5.0 21.9 +0.4 55.5 39.5 
Lauric oe. ae 28.7 +0.4 6.2 | 62.1 


Series B. 1.5 gm. PtO,.-H.O, 100 mg. KOH in 15 ec. of 55% heavy water 
at 130° for 12 days 


Myristic 7.5 29.8 +0.3 34.0 87.5 
Capric. . 7.5 13.9 +0.3 34.3 40.6 
Caprylic... 7.5 25.1 +0.4 34.4 73.0 


Series C. 100 mg. PtO,-H,O, 100 mg. KOH in 10 cc. of 55% heavy water 
at 130° for 6 days 


Myristic 7.5 1.40 + 0.1 29.0 15.2 
Capric 7.5 1.49+ 0.1 29.5 5.1 
Caprylic 7.5 5.20 + 0.1 29.6 17.6 


rather slow process, and even after 12 days equilibrium is not 
reached. 

In some cases the catalyst coagulated during the treatment 
and was consequently not well distributed through the reaction 
mixture. In such cases the final deuterium content of the fatty 
acids was low, as for instance with the capric acid of Series C in 
Table I. In a 6 day experiment with myristic acid, not shown 
in Table I, no deuterium was introduced, owing to coagulation 
of the catalyst. 
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Stability of Deuterium in Palmitic Acid Obtained by Treatment 
with Platinum and Heavy Water—500 mg. of palmitic acid con- 
taining 5.49 + 0.1 atom per cent deuterium were refluxed for 48 
hours with 20 cc. of ethyl alcohol, 18 ec. of H:O, and 4 ec. of con- 
centrated H,SO, After cooling, the contents were extracted 
with ether, the ether distilled off, and the residue refluxed for 3 
hours with 80 per cent methyl! alcohol containing 7 per cent KOH. 
The solution was acidified, extracted with ether, and the solid 
residue from the ethereal extract recrystallized from aqueous 
acetone. The resulting palmitic acid had a melting point of 
62.5° and contained 5.46 + 0.1 atom per cent deuterium. The 
substance had thus not lost any deuterium during the treatment 
with acid and alkali. 


SUMMARY 


1. Two methods are described for the preparation of fatty 
acids containing stably bound deuterium. 

2. At elevated temperatures fatty acids exchange hydrogen 
with the deuterium of D.SO, in which they are dissolved. The 
exchange occurs only at the a-carbon atom. 

3. Saturated fatty acids exchange a large number, probably 
all, of their hydrogen atoms with the deuterium of D.O when 
heated with D,O in the presence of alkali and active platinum. 

4. The deuterium thus introduced is not removed by treatment 
of the acids with alkali or mineral acids at elevated temperature. 
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SULFHYDRYL GROUPS IN PROTEINS 
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Proteins may contain several actual or potential sulfhydryl 
groups. The importance of these groups for cellular respiration 
had been recognized early by deRey Pailhade and has been since 
extensively investigated by Hopkins and his coworkers (11, 13, 
14). Such groups appear to be of importance not alone for purely 
oxidation-reduction mechanisms but for the enhanced functioning 
of certain hydrolytic biocatalysts such as urease (10, 28), papain 
(4, 5), kathepsin (19), and cerebrosidase (33). On the other 
hand, the presence of intact disulfide linkages appears to be 
necessary to the physiological behavior of other active principles 
such as insulin (31, 35), the appearance of free —SH groups coin- 
ciding with loss in activity. 

Proteins, other than the biocatalysts alluded to, such as hemo- 
globin, myosin, and the lens proteins, may contain in the native 
state free —SH groups, as the experiments of Todrick and Walker 
(34), Anson and Mirsky (1), and Mirsky (20) have demonstrated. 
The number of these free groups in these and many other proteins 
is increased by treatment of the protein with denaturing agents 
(20). Methods for estimating the concentration of sulfhydryl 
groups in native and denatured proteins have been devised by 
Todrick and Walker (34) and by Mirsky and Anson (21). These 
have been applied exclusively to heat-denatured or trichloroacetic 
acid-precipitated proteins which were subsequently investigated 
in heterogeneous mixtures with various reagents. The method 
of Todrick and Walker consisted in heating the protein suspen- 
sion with varying quantities of the oxidation-reduction dye, 2,6- 
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dichlorophenol indophenol. ‘This dye reacts slowly with protein 
sulfhydryl at ordinary temperatures. Its reaction with cysteine 
is not stoichiometric. Kuhn and Desnuelle have introduced the 
use of porphyrindin for the estimation of protein sulfhydry| 
groups (15). This dye is a powerful oxidizing agent, reacts rapidly 
and stoichiometrically with cysteine and with protein —SH groups 
in the cold, and possesses an Ey = +0.57 volt at pH 7.0 in com- 
parison with an £’, for the indophenol dye of +0.22 volt, at the 
same pH. The porphyrindin dye is a deep blue in the oxidized 
state and slightly yellow in the reduced condition. Such a mole- 
cule possesses considerable advantages in the present connection 
and opens many possibilities in other fields as an intermediate 
of high potential. 

It was thought of interest to extend the use of this dye to the 
estimation of sulfhydryl groups of native and denatured proteins. 
A remarkable method of altering many proteins is to dissolve 
them in urea or other amide solutions, whereby, in certain proteins, 
as Hopkins first pointed out, free —SH groups make their appear- 
ance (12). Noestimation of the number of —SH groups liberated 
by this reagent has yet been made. In all proteins investigated, 
with the possible exception of egg albumin, the appearance of 
—$H groups in urea solution is coincident with dissociation of the 
protein molecule (6, 7).! Steinhardt (30) has further shown that 
the functional properties of hemoglobin and pepsin are retained 
in urea solutions. This is a result of some significance, inasmuch 
as the usual concept of denaturation, implying a loss of specific 
properties, cannot be applied to solutions of protein in urea in spite 
of the apparent deep seated changes occurring in the molecule. 

The study of proteins in urea solutions possesses the advantages 
of working in a homogeneous medium. With the porphyrindin 
dye, the quantitative estimation of free —-SH groups at room 
temperature is a rapid and accurate procedure. It was thought 
of interest to begin this series of studies with crystalline egg al- 
bumin in urea solutions. In an attempt to find types of dispersive 
agents other than amides which would have the same effect as 
urea on the protein, the discovery was made that guanidine and 


' Williams and Watson have claimed that egg albumin is dissociated in 
50 per cent urea (36). 
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methylguanidine, or more properly the guanidonium ion and the 
methyl guanidonium ion, were by far the most powerful agents of 
this kind.* Either ion acted in much lower concentration than 
urea, and at the highest equimolecular concentrations liberated 
approximately 20 per cent more —SH groups. In the presence 
of these ions about double the number of —SH groups were found 
than in denaturation by either heat or precipitation. The effect 
of several derivatives of urea and of guanidine, such as N-methyl- 
urea and its isomer O-methylisourea, as-dimethylguanidine, and 
the guanidine-substituted acids was investigated and yielded 
comparative results of much interest. 


EXPERIMENTAL 


The egg albumin employed was crystallized six times and 
dialyzed until free of sulfate. It was used in several concentra- 
tions, each concentration being determined by both nitrogen and 
dry weight analyses. Two different preparations of protein were 
used. 

The porphyrindin dye was synthesized according to Piloty 
and Schwerin (26) and Kuhn and Franke (16) and made up in 
fresh solution before each run. It was standardized against 
cysteine before and after every series of measurements. The dye 
solution is quite stable for 1 hour, but its titer slowly drops after 
this time. The standardization was conducted by dissolving 25 
mg. of cysteine hydrochloride in water, adding sufficient dilute NH; 
to bring the pH to 7.0, and making up to a volume of 50 ce. 1 ce. 
of this solution reacted stoichiometrically with the dyq(65 mg. of 
porphyrindin in 100 ec. of solution), requiring 0.62 ec. of the dye. 
The reaction is instantaneous and the end-point quite sharp. 
In order to see whether this reaction is stoichiometric for more 
complex sulfhydryl compounds, glutathione and cysteinylcysteine 
(9) were titrated with the dye. Table I illustrates the quantita- 
tive nature of the reactions. 

Inasmuch as the titrations of the protein were conducted in 
urea and in guanidine solutions, the above titrations of sulfhydry! 
compounds were repeated in the presence of these two substances. 


? Svedberg (32) has stated that guanidine hydrochloride has a strong 
effect in dissociating the molecule of Heliz hemocyanin. 
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kxactly the same results were obtained, however, and the pos- 
sibility of urea or guanidine having any effect on the dye may be 
ruled out. 

The solutions of egg albumin, always at pH 7.0, at various con- 
centrations were first tested with dye and gave a negative test 
for sulfhydryl. When treated with either urea or guanidine 
hydrochloride, the maximum number of —SH groups for each 
concentration of these reagents appeared within a half an hour 
at 25°, and further standing up to 3 hours showed neither an 
increase nor a diminution in this number of groups. The titra- 
tions were, therefore, performed at an interval of 45 minutes from 
the time of mixing the protein solution with the reagents. The 
pH of the solutions was always at 7.0 and the temperature 25°. 


TABLE I 
Reaction of Porphyrindin with —SH Compounds 
Porphyrindin, 65 mg. in 100 cc. of solution; cysteine hydrochloride, 25 
mg. in 50 ec.; glutathione, 43.6 mg. in 50 ec.; Cysteinyleysteine hydro- 
chloride, 42.2 mg. in 50 cc. All reactions at pH 7.0. 














Substance (1.0 cc.) Dye calculated Dye found 
": ce. cc. 
Pe Le SR 0.62 0.62 
Glutathione......... 0.62 0.60 
Cysteinyleysteine...... pabetnbakenare. | 1.24 1.22 


| 





The titrations for each concentration were performed in quadru- 
plicate and were performed again the following day. In all cases 
the end-péints were checked by the nitroprusside reaction. The 
readings among the quadruplicates at each point checked among 
themselves to within a drop of the dye solution. Under the con- 
ditions employed, the dye is rapidly decolorized by the protein 
—SH groups and each reading requires no more than a minute or 
two. As a further partial check, the color developed by the 
protein solutions at several points with nitroprusside was com- 
pared with equivalent amounts of cysteine. The agreement in 
all cases was excellent.’ 

?It is hardly probable that the dye would react with other types of 


reducing groups in the protein. Such groups, involving tyrosine and 
tryptophane radicals, as Mirsky and Anson (22) point out, only begin to 
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The first experiments to be attempted were concerned with 
the effect of varying the amounts of urea in solutions of protein 
at two different concentrations. Table II illustrates the results 
obtained. It is apparent that the relative percentage of —SH 
groups liberated by a definite amount of urea is not affected by 
the protein concentration, although the relative volumes of the 
solutions studied were quite different. The results are always 
finally expressed in terms of cysteine concentration, or cysteine 
per hundred gm. of protein. 

















Tasie II 
Effect of Various Urea Concentrations 
Protein concentration | Urea added | an Cysteine 
per cent gm. ec. per cent 
7.7 (Protein solution 1.0 cc.) | 1.0 1.35 0.97 
0.9 | 1.20 0.85 
| 0.8 | 1.15 0.81 
— } (on 0.57 
1 o6 | os7 | og 
0.5 0.05 0.04 
0.4 | 0 bial 
3.85 (Protein solution 2.0 ec.) | 2.0 | 1.35 0.97 
| 1.8 1.20 0.85 
1.6 1.15 0.81 
14 | o8 | 061 
1.2 0.38 0.27 
10 8 86| 0.05 | 0.04 
0.8 0 0 


On a molar basis, 1 gm. of urea is equivalent to 1.6 gm. of 
guanidine hydrochloride. The effect of the latter substance on 
a solution of egg albumin is described in Table III. It is observed 
that the effect is strikingly different from that of urea. First 
of all, it is apparently stronger, more —SH groups are liberated, 
and, secondly, the effect begins at much lower concentrations of 
guanidine. Moreover, the maximum effect extends over a wide 
range of guanidine concentration. 





make their presence felt at pH 10 and, moreover, react very slowly with 
ferricyanide and not at all with cystine or phosphotungstate. It is certain 
in any case that they would not exhibit a nitroprusside reaction. 
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The effect of liberating —SH groups just begins with urea when 
0.5 gm. is added to 1 ce. of the protein solution. With guanidine 
hydrochloride, this effect becomes evident when the concentration 
is equivalent to 0.25 gm. of urea per cc. of protein solution. At 
the lowest effective concentrations, guanidine is thus twice as 
potent as urea. 

It was further observed that following oxidation by the dye, 
the higher concentrations of protein often set to a gel. In the 
presence of urea, these gels were clear and translucent; those in 
the presence of guanidine were invariably milky and turbid. 

A further series of experiments was set up to determine more 
closely the relation of protein concentration to the amount of 
sulfhydryl liberated. Table IV presents the results over a fairly 
wide range of protein concentration. In all, the urea concen- 
tration was invariably 1 gm. per cc. of protein solution, the guan- 
idine hydrochloride 1.6 gm. per cc. of protein solution, and thus 
equimolar amounts. 

The results may be consistently interpreted by the fact that, 
at least within the range of concentrations investigated, the 
proportion of —SH groups liberated by either urea or guanidine 
is independent of the protein concentration. Comparison of 
the results with urea and guanidine at equimolar concentrations 
shows that the effect induced by the latter is consistently greater 
than that by the former. The difference between the average 
values for each substance amounts to nearly 20 per cent. 

An attempt was made to estimate the —-SH groups liberated 
by the heat denaturation of egg albumin at pH 7.0. 2 cc. of 
3.78 per cent solution of the protein were set in a boiling water 
bath for half an hour, then quickly cooled, and titrated with 
the dye. There was found 0.50 per cent of cysteine, which may 
be compared with the result of Todrick and Walker of 0.63 per 
cent (34) and the results of Mirsky and Anson (21, 22) ranging 
from 0.55 to 0.62 per cent. Kuhn and Desnuelle found 0.58 per 
cent for this protein (15).*‘ 

It was thought of interest to observe the magnitude of the 
effect evoked by various derivatives of urea and of guanidine. 

‘ When the protein solution is heated in the presence of urea or guani- 


dine, the same number of —SH groups is liberated as in the unheated 
protein treated with these substances. 
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Tasie Ill 
Effect of Guanidine on Egg Albumin 


Protein concentration, 3.85 per cent; protein solution, 2.0 ec. in each 


case. 


Guanidine hydrochloride added 


gm. 

3.20 
2.20 
1.60 
1.20 
1.00 
0.80 
0.60 
0.40 
0.30 


Dye 


ec. 
.80 
80 
80 
80 
80 
80 
Gel 
0.25 


TaBLe IV 


Cysteine 


per cent 


Relation of Protein Concentration to —SH Produced 


Protein Protein Dye 
concentration solution a " —o 
Urea | Guanidine 
ee _ _ | a — a 
per cent cc. ce. ec 
7.7 1.0 1.35 
5.45 2.0 2.15 2.35 
4.36 2.0 1.54 1.91 
3.85 2.0 1.35 1.80 
3.78 2.0 1.38 1.65 
2.72 2.0 1.00 1.35 
1.09 2.0 0.39 0.50 
Average... 
TABLE V 


Effect of Derivatives of Urea and of Guanidine 


Substance 


Urea oS 
N-Methylurea = 
O-Methylisourea hydrochloride 
Guanidine hydrochloride 
Methylguanidine hydrochloride 
as-Dimethylguanidine hydrochlo- | 
ride 





Weight of 
substance 
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Protein solution (5.45 per cent) 1.0 ce. in each case. 


Cysteine 
Urea | Guanidine 
per cent per jan 
0.97 
1.10 1.19 
0.98 1.20 
0.97 1.28 
0.99 1.19 
1.00 1.31 
1.00 1.25 
1.00 1.24 
Dye Cysteine 
ce. oo aint 
105 | 1.06 
1.02 1.02 
1.04 1.05 
1.19 1.20 
1.18 1.19 
0.75 
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Table V lists the results obtained with equimolecular concentra- 
tions of urea, N-methylurea, and the hydrochlorides of O-methyl- 
isourea, guanidine, methylguanidine, and as-dimethylguanidine. 
The effect of urea is similar to that of its derivatives, guanidine 
and methylguanidine possess an apparently equal effect, whereas 
asymmetric dimethylguanidine is relatively weaker. 

Inasmuch as the protein solution had in all cases been brought 
to pH 7.0 with dilute NHs;, there was necessarily always NH,Cl 
present in solutions containing the hydrochlorides of the molecules. 
Svedberg (32) has shown that NH,Cl, but not other chloride salts, 
augments the dissociation of certain proteins by weakly effective 
agents. In order to eliminate the possibility of this salt entering 
into the action of the hydrochlorides described in Table V, the 
experiments were repeated in protein solutions which had been 
brought to neutral pH with dilute NaOH. In all cases the results 
were identical with those in Table V. Furthermore, ammonium 
chloride was added to protein solutions containing the minimum 
amounts of urea, N-methylurea, and guanidine hydrochloride 
which were effective in producing sulfhydryl groups in the protein. 
In no case was any increase in these groups apparent. 

Finally, it may be mentioned that the following substances 
produced no sulfhydryl groups in protein solutions: arginine, 
N-acetylarginine, homoarginine, anhydrodiguanidocystine, gly- 
cocyamine, creatine, and creatinine. 

DISCUSSION 

Although the effect produced on the protein by solutions of 
urea, guanidine, and their derivatives is very striking, a simple 
explanation of such effect appears rather difficult at present. 
Any attempt to interpret the differences in the magnitude of the 
effects produced by the various substances must take into account 
the various forms in which each may occur in solution. Urea 
and N-methylurea exist as electrically neutral molecules; O- 
methylisourea, guanidine, methylguanidine, and as-dimethyl- 
guanidine exist as positively charged ions. All of these sub- 
stances, however, possess one property in common, the capacity 
of existing in several resonating forms in solution. Urea, for 
example, may be represented as resonating among the following 
three structures. 
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O VO O 
C C Cc 
On o\ AN 
‘NH: NH; NH, NH, NH, NH, 


The thermochemical behavior of the amides (25), their high dipole 
moment values (17), and their influence on acidic dissociation 
(38) are best interpreted by the effect of such resonating forms. 
Replacement of hydrogen by methyl, as in N-methylurea, might 
conceivably tend to hinder the double bond from migrating to 
the methylated nitrogen, owing to the greater electronegativity 
of carbon over hydrogen. With asymmetric N,N-dialkyl sub- 
stitution this hindrance might be expected to be somewhat greater. 
A very much greater effect would be expected for symmetrical 
N,N’-dialkyl substitution, for here the resonance of the double 
bond would be considerably restricted, and the neutral form 


Oo 
| 
C 
ZN 
NHCH; NHCH, 


would be much more important than the other two charged forms. 
N-Methylurea, as well as its isomer, O-methylisourea, has the 
same effect as urea on the protein (Table V), whereas symmet- 
rical N,N’-diethylurea according to Hopkins (12) has no effect 
whatever. 

Guanidine in the form of the guanidonium ion, like urea, res- 
onates among the following three structures (25). 


NH; NH;* NH; 
Cc C C 
an the ANS 
*‘NH, NH, NH, NH; NH, NH;* 


Substitution of a methyl group for hydrogen in this ion, as in the 
analogous case of urea, leads to the same effect on the protein as 
the parent substance produced (Table V). On the other hand, 
the as-dimethylguanidonium ion, in which resonance may be 
expected to be more restricted, actually shows a distinctly smaller 
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effect on the protein than the unsubstituted or the monosub- 
stituted ions (Table V).5 

Egg albumin possesses a total sulfur percentage of 1.62 accord- 
ing to Osborne (23) and 1.60 according to Baernstein (3). The 
former investigator also estimated the alkali-labile sulfur, pre- 
sumably cystine and cysteine sulfur, to amount to 0.49 per cent; 
Zahnd and Clarke found 0.44 per cent (37). The percentage of 
cysteine based on the labile sulfur data would then be respectively 
1.84 and 1.66 for this protein. No methods have hitherto been 
devised to determine what proportion of the labile sulfur in the 
native protein is cysteine or cystine. In any case, treatment 
with urea exposes some 60 per cent, treatment with guanidine 
67 to 73 or approximately 70 per cent of the total alkali-labile 
sulfur content. However, part of the labile sulfur undoubtedly 
must belong to cystine, but the results of this paper show that 
only a relatively small amount of this amino acid must exist in 
egg albumin. By far the greater amount, up to about 70 per cent 
of the labile sulfur, must belong to cysteine. 

From the latest value of 40,000 for the molecular weight of 
egg albumin (18), it would appear that there are 6 atoms of alkali- 
labile sulfur per molecule of this protein. On the basis of approxi- 
mately 70 per cent of this type of sulfur being due to cysteine, 
it would appear that 4 of the 6 atoms of sulfur, or 67 per cent, were 
due to cysteine. This would imply that in a molecule of egg 
albumin, there existed at least 4 molecules of cysteine, which 
are revealed in solutions of guanidine. Since heat or precipitation 
denaturation liberates about half as much cysteine as does guan- 
idine, it would appear that 2 molecules of cysteine are revealed by 
the former processes. 

The manner in which the sulfhydryl groups of the native pro- 
teins are masked presents a unique problem. Astbury and 
Dickinson (2) have shown that the globular proteins when de- 


* Edsall has shown in an extensive investigation of the Raman spectra of 
urea and guanidine derivatives (8) that the spectra of urea and the guan- 
idonium ion are strikingly similar; further, the spectra of N-methylurea, 
the N-methylguanidonium ion, and the ion of O-methylisourea are all also 
quite alike. Since the magnitude of the protein effect produced by these 
substances is different for the urea and for the guanidine derivatives, it is 
clear that the vibrational bond energies, responsible for the identical spec- 
tra, play little or no réle in the protein —-SH effect. 
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natured exist in the 6-keratin or stretched type of configuration. 
In the native state, such proteins may be assumed to exist in a 
coiled or contracted configuration. Several forces, notably those 
existing between polar groups on the side chains, can be considered 
as supplying the binding agents for the contracted state of the 
native protein. Among such polar groups, the —SH group must, 
at least for egg albumin, take an important place. With what 
type of grouping it may be linked in the native protein, in such 
a way that it is chemically inert, is not at present clear. The 
investigations of Schubert (27) on the semimercaptal linkages 
are suggestive in this respect. In any case, no matter in what 
order of events the phenomenon occurs, the action of urea or 
guanidine probably results in a transition of the contracted to 
the extended configuration of the protein, the original binding 
forces, including —-SH groups, are dissipated, and the latter may 
then be chemically estimated. The effect of dissipating these 
binding forces is evidently very much greater through guanidine 
than through urea. The problem, therefore, which presents 
itself most insistently is to find that type of linkage involving 
mercaptides which is dissolved by urea or guanidine.® 


SUMMARY 


1. The use of the high potential dye, porphyrindin, for the 
estimation of sulfhydryl groups in proteins has been extended to 
the study of egg albumin in solutions of urea, guanidine, and 
their derivatives at pH 7.0. 

2. Egg albumin in solutions of 16.6 mm of urea added per ce. 
of protein solution showed a cysteine content amounting to 1.00 
per cent. In equimolar solutions of guanidine hydrochloride, 
the cysteine content amounts to 1.24 per cent. These values 


* Some authors believe that the process of denaturation liberates sulf- 
hydryl groups by the hydrolysis of the S—S linkage of cystine. Speakman 
has interpreted the behavior of wool fibers in steam on this basis (29). 
Whatever may be the behavior of keratins on heating, it is doubtful whether 
urea and guanidine act on protein S—S linkages in such a way as to form 
—SH groups. Nosuch reaction is known for simpler dithio compounds and 
attempts to find —-SH groups on treatment of a number of cystine deriva- 
tives have proved fruitless. There is no effect whatever of urea or guani- 
dine on substances such as cystinyleystine, anhydrocystinylcystine, 
cystinyldiglycine, or cystinyldidiglycine. 
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are about double those reported for heated or precipitated egg 
albumin. Not only does guanidine possess a stronger effect in 
liberating sulfhydryl groups than urea, but it shows the maximum 
capacity at relatively lower concentrations. The percentage of 
sulfhydryl groups demonstrated in these solutions is independent 
of the protein concentration and depends only on the concentra- 
tions of urea or of guanidine. 

3. The cysteine calculated from the present results amounts 
at the most in urea to some 60 per cent, in guanidine to about 
70 per cent of the total alkali-labile sulfur of egg albumin. This 
would indicate that the greater amount of the alkali-labile sulfur 
belonged to cysteine, a much smaller amount to cystine. Of the 
6 atoms of alkali-labile sulfur in the molecule of this protein, 4, 
or 67 per cent, apparently belong to cysteine. 

4. The effects of urea, guanidine, and their derivatives are 
briefly discussed in terms of the resonance of these molecules. 
In cases like sym-diethylurea or as-dimethylguanidine, where 
resonance may be expected to be considerably restricted, little or 
no effect on the protein seems to be produced. 

5. Neither urea nor guanidine has any effect on various complex 
peptides of cystine. It is suggested that the effect of the former 
substances is not on disulfide bonds, but is concerned with a 
dissolution of linkages within the intact protein which involve 
the sulfhydryl groups of cysteine. It would appear probable 
that such linkages were at least in part responsible for the native 
state of the protein. 
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An exact and explicit theory of the dielectric constant is lacking 
for polar liquids, but as the result of an analysis of a large body 
of data there is very strong evidence (1) that the dielectric con- 
stant is a linear function of the polarization per unit volume, a 
conclusion which has received added support in recent theoretical 
work of Onsager (2) and of Van Vleck (3). This interpretation 
forms the basis of an understanding of the extensive dielectric 
constant measurements on amino acids, peptides, and related 
molecules in aqueous solution and in other polar solvents, and 
has led to a great deal of information about their polarizations. 

As a result it appears that for those amino acids and peptides 
in which as dipolar ions there is only one NH;* and one COO 
group, separated by a straight chain, the polarization is very nearly 
independent of everything but the length of the chain between 
the charges and is in fact closely proportional to it. In such 
highly polar molecules the optical polarization is only a very 
small fraction of the total. Therefore, since the dipole polari- 
zation is proportional to the mean square value of the moment, 
and since in dipolar ions the moment is equal to the product of 
the distance between the charges multiplied by the value of the 
elementary charge, it follows that the mean square distance 
between the ends of the chain, where the charges are located, is 
proportional to the length of the chain. Now this is exactly what 
is predictable on statistical grounds if there is complete free 
rotation about the single bonds connecting the various atoms in 
the chain (4, 5), and may be taken to mean that there is such 
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free rotation. The same results are obtained with aliphatic 
betaines and other similar dipolar ions, and dielectric constant 
studies on alicyclic amino acids, consisting of cyclohexane deriva- 
tives, have shown that in these molecules also there is a very 
large amount of free rotation (6). 

In the case of dipolar ions containing more than one pair of 
charges the situation in regard to free rotation is not so clear. 
There are now published data for three substances of this type, 
each containing two NH;* and two COO~ groups: lysylglutamic 
acid, ¢,e’-diaminodi(a-thio-n-caproic acid) and e€,e’-diguanidodi- 
(a-thio-n-caproic acid) (7, 8). The data, however, have not 

-NH} -CHy-CH,-CH,-CH,-CH-COO- 
~ and 
Ss 
NH} -CH,-CH,-CH,-CH,-CH-COO 
I 


+ 
(NH,).C-NH-CH,-CH,-CH,-CH,-CH -COO- 


S 
5 
(NH,)sC -NH-CH,-CH,-CH,-CH,-CH-COO- 


II 


hitherto been discussed in terms of free rotation. The first of 
these compounds presents a somewhat complicated case, owing 
to the overlapping of the component dipoles, and the analysis of 
it will be reserved for a subsequent paper. The two others offer 
a simpler problem. In each the molecule consists of two parts 
connected by the S—S linkage, each containing a COO~ and an 
NH;* group. The structures of the 2 molecules may be written, 
respectively, as shown in Formulas I and II. 

Either one is subject to the following analysis. The moment 
of the molecule is equal to the vector sum of the two equal mo- 
ments belonging one to each half, and the dipole polarization is 
proportional to the mean square value of this sum. Now if there 
is free rotation about the valence bonds involving the sulfur 
atoms as well as about the C-—C linkages, we should expect the 
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two halves of the molecule to be oriented very nearly at random 
with respect to one another. Consequently, since the mean 
square sum of any number of vectors arranged at random is 
equal to the sum of the squares of the vectors, the mean square 
moment of the whole molecule should be equal to twice the mean 
square moment found in each half. This means that the dipole 
polarization of the molecule should be the sum of the two equal 
dipole polarizations belonging one to each half. If we designate 
the substance by R-—R and the molecule resulting from the 
splitting of the sulfur linkage by R we may say therefore that the 
polarization of a given solution of R—R should be the same as 
that of a solution of twice the concentration of R.! 

This simple conclusion provides a very easy test for free rota- 
tion in these substances. The dielectric constant, since it is 
linear in the polarization, should be the same for a solution of a 
given concentration of R--R as for a solution of twice that con- 
centration of R, provided we neglect minor effects involving the 
volumes. In other words the dielectric increment, ¢.c. the increase 
of dielectric constant per mole of solute per liter, for R-—-R should 
be twice that for R. Each half of the €,e’-diamino acid is an 
e-amino acid for which the dielectric increment is close to 75. 
The ideal value for the dielectric increment of this molecule on 
the assumption of free rotation is therefore 150. Each half of 
the ¢,e’-diguanido acid contains the charged guanidine radical. 
In this radical, on the basis of resonance, we should expect the 
positive charge to behave as if located at the center of the carbon 
atom, a conclusion justified by dielectric constant measurements on 
creatine and glycocyamine, both of which molecules have dielectric 
increments characteristic of a B-amino acid (8). For this reason 
we may regard each half of the diguanido compound as equivalent 
to a ¢-amino acid, with a dielectric increment of about 87. The 
increment for the diguanido molecule should therefore be about 
175, if there is free rotation. The observed dielectric increments 
of the diamino and diguanido compounds are respectively 131 + 3 
and 150 + 10. The agreement is about as close as would be 


'Since the optical polarizations are themselves additive, this result 
does not depend on neglecting the very small contributions due to these, 
but it does depend on neglecting changes of dipole moment involved by 
splitting the S—S linkage. The effects of this must certainly be very small. 
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expected, in view of the fact that in the calculations we have 
necessarily neglected the steric interference of the two halves of 
the bulky molecules, and it affords strong evidence that there is a 
very high degree of free rotation in both these compounds. If 
the molecules were stabilized in the configuration of maximum 
moment (component dipoles parallel), the dielectric increment 
should be 4 times, not twice, the value for each half; if in the 
configuration of zero moment (component dipoles antiparallel), 
the increment should be negative. 

Free Rotation in Cystinyl Peptides 
In relation to this problem of free rotation we have recently 
studied two peptides, one a double dipeptide, the other a double 
tripeptide, each containing two NH;* and two COO~ groups. 
These are cystinyldiglycine and cystinyldidiglycine, the strue- 
tures of which may be written, respectively, as in Formulas III 
and IV. Formula III was prepared by the method of Loring 
CH,-CH-CO-NH-CH,-COO 

S NH; 

S NH} 
CH,-CH-CO-NH-CH,-COO- 

Ill 


and 


CH,-CH-CO-NH-CH,-CO-NH-CH,-COO- 
S NH 
S NH 
CH,-CH-CO-NH-CH,-CO-NH-CH,-COO- 
IV 


and du Vigneaud (9); the preparation of Formula [V has already 
been described by Greenstein (10)? 
The dielectric increments (6) and partial molal volumes (V) 


* The titration experiments recorded in this paper revealed the presence 
of a minute amount of alkali bound to the cystinyldidiglycine. When 
this was removed by the addition of an equivalent amount of acid, the 
purified peptide crystallized in long prisms, had a melting point of 181° 
instead of 145° as given previously (10), and was only slightly soluble 


in water. 


























Greenstein, Klemperer, and Wyman 519 


of both were determined in water at 25° and are given in Table I, 
together with values of the dielectric increments and the range of 
concentration (in moles per liter) covered by the dielectric con- 
stant measurements. 

The dielectric constant measurements were made with a reso- 
nance method (11) at a wave-length of about 6.5 meters. They 
were very sharp and consistent for cystinyldiglycine. The 
cystinyldidiglycine solutions had considerable conductivity, owing 
to traces of ionic impurities which made it necessary to work at 
high dilutions. The calculated values of the dielectric incre- 
ments are based on the assumption of free rotation and in ac- 
cordance with the treatment given above are taken as twice the 
value of a dipeptide (70.5) for cystinyldiglycine and twice the 
value of a tripeptide (120) for cystinyldidiglycine. The value of 


TaBLe |! 


Dielectric Constant Increments and Molal Volumes of Cystinyl Peptides 


Incre- 


Peptide inerement "culated Concentration Molal volume 
(8) 
(1) (2) (3) (4) (5) 
mole per l. cc. per mole 
Cystinyldiglycine 139 + 3 141 0.0129 -0.0299 194 + 0.5 


Cystinyldidiglycine 250+ 20 240 0 .00216-0.00605 269 + 1 


120 for the dielectric increment of triglycine is taken as the mean 
of Devoto’s value of 128 and Wyman’s value of 113. The agree- 
ment between the observed and calculated values of the dielectric 
increments of these two peptides is extremely close and any dis- 
crepancy lies within the experimental error of the measurements. 
Here again, therefore, there is very strong evidence of free rotation. 

The partial molal volumes of both peptides give evidence of 
electrostriction when compared with the volumes calculated for 
the uncharged molecules from the data on the volumes occupied 
by the various component groups. In calculating the volumes for 
the uncharged forms of both peptides we start with dithiodiacetic 
acid, which has a partial specific volume of 113.2 cc. in water at 
infinite dilution (7). The volume of the uncharged form of 
cystinyldiglycine is obtained by adding to this twice the volume 
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of the CO-NH unit (20 ec.), 4 times the value of the CH: group 
(16.3 ce.), and twice the value of the NH: group (7.7 ec.), and 
subtracting twice the atomic volume of hydrogen (3.1 cc.). 
The result is 227.6 cc. The volume of the uncharged form of 
cystinyldidiglycine, calculated by the same procedure, if the differ- 
ent numbers of groups involved are taken into account, is 300.2 ec. 
These two volumes, together with the observed volumes listed in 
Table I, Column 5, give an electrostriction of 34 cc. for the doubled 
dipeptide and 31 ce. for the doubled tripeptide. The former 
value is very close to twice Cohn’s (12) value for diglycine 
(16.1 ec.), as would be expected; the latter value is nearly twice 








Taste II 
Apparent Dissociation Constants of Cystinyl Peptides 

Peptide T pK’: " pK’: pK’s pK’ | pl 
(1) (2) (3) (4) (5) (6) | (7) 

*C. | 

Cystinyldi- 
glycine...) 38 | 3.21 (0.02) | 3.21 (0.02) | 6.36 (0.03) | 6.95 (0.03) |4.8 
7 ..| 26 | 3.21 3.21 6.75 7.34 5.0 

Cystinyldi- 

diglycine. | 38 | 3.29 (0.02) | 3.29 (0.02) | 6.01 (0.06) | 6.87 (0.02) |4.7 
. ..| 25 | 3.29 3.29 6.39 7.26 4.9 
Diglycine....| 25 | 3.14 8.07 5.60 
Triglycine...| 25 | 3.26 7.91 5.58 

















that for triglycine (16.1 cc.), a result also consistent with expec- 
tation. 


Apparent Dissociation Constants of Cystinyl Peptides 


We have also carried out titrations of these two peptides with 
a glass electrode and determined values of the four acidity con- 
stants of each. The results are given in Table II. In Columns 
3 to 6 are listed the mean values of the acidity constants (pK; 
see pKi)! at 38°, calculated from the individual determinations 


* It should be particularly borne in mind that these pK values refer not 
to the dissociation constants or the equilibrium constants but to the 
acidity constants as defined by Brgénsted. These are the constants in 
terms of which most of the previous results have been expressed. 
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by the method of Hastings and Van Slyke (13). These values 
are in each case followed by values of the mean deviation from 
the mean, regardless of sign, enclosed in parentheses. Columns 3 
to 6 also contain the pK’ values reduced to 25° by means of the 
van’t Hoff equation with AH = 0 for the —-COOH group and 
AH = 10,000 for the —-HN;* group. These are given to facili- 
tate comparison with the values for other peptides found in the 
literature. In Column 7 are listed the isoelectric points calcu- 
lated for the two temperatures by means of the equation (14) 





/Kit+K; .... 
P= H= 4/ oe 
In the last two rows of Table II are included for comparison the 
constants for diglycine and triglycine (15). Since these mole- 
cules are dipolar ions, pK, and pKg represent the dissociation of 
the carboxyl, pK; and pK, that of the amino groups. In Fig. 1 the 
titration curves of the peptides are drawn; the points are those 
experimentally determined, the curves are theoretical and based 
on the constants chosen. 

Several interesting points emerge from the data of Table II. 
The constants for the two carboxy! groups of the cystinyl peptides 
are identical, a result to be expected if the groups were sufficiently 
separated to be independent of one another. The constants for 
the amino groups, although not identical, are nearly so, which 
also accords with approximate independence of the groups. Since 
the amino groups of the peptides are nearer to each other than the 
carboxyl groups, it would be expected that there would be some 
slight interaction of the former. The independence, or approxi- 
mate independence, of the dissociating groups is consistent with 
free rotation about the S—S linkage and random mutual orienta- 
tion of the two dipolar arms of each molecule. 

The enormous influence of the S—S linkage on the dissociation 
of the adjacent amino groups may be illustrated by comparing the 
cystinyl peptides with diglycine and triglycine. Whereas the 
simple glycine peptides have a pK; = 8, the cystinyl peptides 
show the extraordinarily low pK; values for the amino group 
of 6.39 and 6.75. These are, by far, the lowest pK values 
recorded for the amino group of this type of molecule and may be 
compared with the pK; of 6.8 for the a-amino group in a,p- 
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diaminopropionic acid (16). Proteins, in which the a-amino 


{ group of cystine is free, may therefore be expected to supplement 
: the histidine imidazole groups in combining with acid in the range 
. of pH 6 to 7. Steinhardt (17) has interpreted the kinetic be- 
; havior of crystalline pepsin by assigning the five basic groups of 


this protein dissociating at pH 6.76 to the amino groups of cystine. 
Such a value would indeed fall within the range of the constants 
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Fic. 1. Titration curves of the cystinyl peptides at 38°. The straight 
line refers to cystinyldiglycine; the broken line, to ecystinyldidiglycine. 
The points are those experimentally determined; the curves are theoretical 
and based on the constants given in Table IT. 


of the amino groups of cystine peptides. On the other hand, the | 
values for the carboxyl groups of the cystinyl peptides are not 
greatly different from those of the simple glycine peptides, which 
is undoubtedly due to the fact that in the former molecules the 
acid groups are far removed from the disulfide linkage. Finally, 
it may be pointed out that the isoelectric points of the cystinyl 
peptides, 5.0 and 4.9, fall within the range of several of the proteins 
such as egg albumin, serum albumin, ete. 
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Comparative Behavior of Peptides and Proteins 


The peptides have always formed a class of molecules of partic- 
ular interest because of their intermediate position between the 
amino acids and the proteins, and the study of the properties 
encountered particularly among the larger peptides is often re- 
garded as furnishing a clue to the properties of the proteins 
themselves. It is of considerable interest, therefore, to consider 
these results on free rotation in the peptides in relation to dielectric 
constant studies of the proteins. It was shown by one of the 
present authors with zein (18), and it has since been found by 
other investigators with a variety of other proteins, that the 
dielectric constant of these molecules in solution passes through 
a region of anomalous dispersion at radio frequencies. The most 
accurate and exhaustive studies are the recent ones of Oncley (19) 
and Ferry and Oncley (20) on carboxyhemoglobin and the water- 
soluble proteins of horse serum. For carboxyhemoglobin the 
critical frequency is 1.9 X 10° cycles; for all the serum proteins 
studied, 0.24 10° cycles. It is clear from these results that 
these highly polar protein molecules in solution are being oriented 
as rigid dipoles with relaxation times of the order of 10-7 second 
(carboxyhemoglobin) and 10-* second (serum proteins). Well 
below the critical frequency the dielectric constant of the protein 
solutions increases linearly with concentration, just as in the 
case of the amino acids and peptides; well above this frequency, 
it diminishes linearly with concentration, a phenomenon not 
observed in amino acids and peptides at any frequencies so far 
employed. ‘The proteins, as an extreme case of the polypeptides, 
contain in the isoelectric condition a considerable number of pairs 
of positive and negative charges, each of which pairs may be 
thought of as a component dipole. It is evident, however, that 
these component dipoles cannot be oriented independently of one 
another in response to the field, as would be expected on the basis 
of free rotation in long polypeptide chains. In this respect there 
seems to be a significant difference between the proteins and the 
synthetic peptides such as we have studied in which the component 
dipoles are oriented independently. 

Of course it might be maintained that the results on the peptides 
which we have just been considering do not necessarily mean that 
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the component dipoles actually are oriented independently of one 
another in response to the field. A possible interpretation would 
be that each molecule is oriented in the field as a rigid unit but 
that the statistical distribution of the molecules among all the 
possible configurations due to free rotation is such as to make the 
result the same as if there really were independent orientation of 
the component dipoles in the field. Actually, the deductions 
presented at the beginning of this paper as to what would be 
expected from free rotation were based on a statistical consider- 
ation of the configuration of the molecules in the absence of a 
field. The observed results at frequencies well below the critical 
frequency would be the same whether there was independent 
orientation of the component dipoles in the field or whether each 
molecule was oriented as a rigid unit, the mean square moment 
of all the molecules being that calculated for free rotation. Only 
in regard to the critical frequency should the two cases be different. 
It seems very unlikely, however, that this distinction should be 
realized physically. There is a good case in point in the hydroxy- 
decanoic acid polymers studied by Bridgman and Williams (21) 
and by Wyman (22). These polymers are not of course dipolar 
ions, but they are polar molecules soluble in benzene, in which 
it is possible to make rigorous calculations of moments. They 
possess a variable number of polar groups, depending on the 
polymer size, distributed along an aliphatic chain, in which there 
is free rotation, at intervals of 8 carbon atoms. At all frequencies 
employed the moments of these polymers are exactly the same, 
within the experimental error, as the moments calculated on the 
basis of free rotation, and even the largest polymer studied, having 
a molecular weight of 28,650, showed no evidence of dispersion 
at a frequency of 4.8 107 (A > 6 meters) (22). This is almost 
certainly well above the critical frequency for such a large molecule 
if it was oriented as a rigid structure. It is clear, therefore, that 
in these polymers free rotation allows each polar group to be 
oriented independently of the others in response to the field. 
So far there has been no good evidence for dispersion for any of 
the peptides or amino acids, although reliable measurements 
extend up to frequencies of 5 to 8 X 10’. This fact, however, 
throws very little light on the problem, since even these fre- 
quencies are not high enough for us to expect this. Even cys- 
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tinyldidiglycine which has a molecular weight of 504.2 is less 
than 0.01 the size of carboxyhemoglobin, and even if it was 
oriented in the field as a rigid sphere it would have a critical 
frequency of about 2 X 10°. 

The evidence suggests, certainly, that there is some real differ- 
ence in type of structure between the synthetic peptides and the 
natural proteins. Possibly an understanding of this is to be found 
in the presence of some rigid three-dimensional grid in the natural 
proteins, such as is illustrated by the contracted a-keratin struc- 
ture proposed by Astbury (23) on the basis of x-ray studies. 

On the other hand, the free rotation of the peptides in solution, 
involving a continuous series of configurations, presents a contrast 
to the behavior of long chain aliphatic molecules in films at liquid 
and solid surfaces, for here the molecules are apparently held 
rigidly in an extended configuration normal to the surface. Yet 
it is of interest to note that even in such films these molecules 
preserve a certain amount of flexibility, for there is good evidence 
(24) that they are capable of turning end for end even when very 
closely packed and it seems likely that this can only occur by a 
bending, snake-like process (25). 

SUMMARY 

We report the results of studies of certain physical properties 
of cystinyldiglycine and cystinyldidiglycine in aqueous solution. 
The acidity constants of the two COOH groups are the same in 
each peptide and close to those of the COOH group in glycine 
peptides. The acidity constants of the NH;* groups of both 
peptides are very much strengthened as a result of the influence 
of the nearby S—S linkage. The significance of this for the 
problem of protein titrations is pointed out. The partial molal 
volumes of both peptides show that there is electrostriction of the 
solvent, as in the case of other dipolar ions. The dielectric 
increments of both peptides are determined from dielectric con- 
stant measurements. An analysis of these results, as well as of 
published results for ¢,e’-diaminodi(a-thio-n-caproic acid) and 
e,¢’-diguanidodi(a-thio-n-caproic acid), shows that in all 4 mole- 
cules, containing two NH;*+ and two COO>- groups, there is 
essentially free rotation about the single bonds. The free rota- 
tion in the peptides is discussed in relation to the phenomenon 
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of anomalous dispersion at radio frequencies observed in proteins, 
and in relation to the behavior of long chain molecules in surface 


films. 
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The problem of amide metabolism in green plants is one phase 
of the broader problem of protein metabolism. Interest in the 
production of asparagine in plants has been general among plant 
physiologists since proteins were recognized to be the fundamental 
constituents of cell protoplasm (1), and the most significant work 
in this field, even today, is that of Ernst Schulze described in 
numerous papers subsequent to 1872 and summarized by him in 
1906 (2). Schulze dealt mostly with the metabolism of seedlings, 
and arrived at the conclusion that, during the early stages of 
growth, the protein of the seed is digested to amino acids, these 
are subsequently deaminized, and the ammonia produced is 
recombined, with the aid of nitrogen-free nutrients, into the 
amides asparagine or glutamine. These substances are stored 
temporarily, to be drawn upon for the regeneration of protein 
in the growing parts. Translocation of the nitrogen occurs while 
still combined in simple diffusible substances. 

Borodin (3), in 1878, first showed that the transformations 
of nitrogen in mature leaves, when these are cultured in water, 
follow a somewhat similar course and this aspect of the problem 
has furnished the theme of many investigations by Chibnall (4), 
Mothes (5, 6), Schwab (7), and others. Prianischnikow (8, 9), 
in 1922, contributed the suggestion that amide synthesis occurs 
in response to the presence of ammonia, being designed to main- 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of 
Washington. 

527 











OPE tt 3A) SP Geeta dy 


t 
t 


a ae 


aetna: 









528 Amides in Green Plants. I 


tain the concentration of the ammonium ion below a level at 
which toxic effects may be produced, a suggestion that has 
proved very helpful in the interpretation of results secured in 
this laboratory with tobacco leaves subjected to culture under 
various conditions (10, 11). Tobacco leaves grown under field 
conditions appear to be very sensitive to ammonia produced 
endogenously, and rapid amide synthesis occurs, during culture 
of the detached leaves, when the concentration tends to increase 
above the normal level of approximately 1 per cent of the soluble 
nitrogen. If, in spite of this, the ammonia concentration rises, 
destruction of chlorophyll and other evidences of lethal dam- 
age soon become manifest, but whether these effects are the 
result of ammonia intoxication or have some other cause is un- 
known. 

It has seemed desirable therefore to extend our observations to 
a species that can tolerate higher concentrations of ammonia 
than tobacco. Ruhland and Wetzel (12) have pointed out that 
plants which possess a highly acid sap, such as Oralis, Begonia, 
and Rheum species, frequently contain much ammonia; the leaves 
of rhubarb (Rheum hybridum) were accordingly selected for our 
experiments. The specific points upon which information was 
desired were: Does the rhubarb leaf, a representative of the acid 
plant type (extract of petiole about pH 3.0, of blade about pH 
4.0), possess an amide metabolism analogous to that of the tobacco 
leaf, a typical neutral plant (extract about pH 5.5)? Is the 
mechanism of amide synthesis in rhubarb correlated with the 
metabolism of the protein in a manner similar to that found in 
tobacco (10)? What, if any, evidence can be secured with regard 
to the chemical mechanism of amide formation? 

Answers to these questions are of considerable theoretical 
importance. Ruhland and Wetzel hold that acid plants differ 
from neutral plants with respect to the metabolism of ammonia. 
In the acid plant, ammonia derived from the deamination of 
amino acids is merely neutralized by the organic acids already 
present or simultaneously produced by the oxidative reactions; 
such plants have only a minimal capacity for amide formation 
(13). Neutral plants, on the other hand, transform ammonia 
into amides, the mechanism being most conveniently described 
in terms of the detoxication hypothesis of Prianischnikow. 

As we have previously shown, the nitrogen involved in the 
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formation of glutamine and asparagine in tobacco leaves cultured 
in light arises from the deamination of amino acids of protein 
origin; the non-nitrogenous precursor which, in combination with 
this nitrogen, yields the specific substance glutamine, is, however, 
almost certainly a product, direct or indirect, of photosynthesis 
and is therefore probably of carbohydrate origin. No precise 
evidence of the chemical nature of the intermediate substances 
has, however, been secured. The literature contains many 
suggestions that organic acids of the malic or citric acid types may 
be involved in the transformations (5-7, 11, 14), but this has not 
yet been established. 

The culture experiments with rhubarb leaves were conducted 
in a manner closely similar to earlier experiments with tobacco 
leaves (10). The technique and the analytical methods employed 
have been fully described elsewhere (11, 15, 16). The nature of 
the material introduced a complication, inasmuch as the rhubarb 
leaf possesses a long and fleshy petiole, and the behavior of the 
blade tissue during culture was widely different from that of the 
petiole. Accordingly, blade and petiole were analyzed separately 
at each stage of the experiment but the results are expressed in 
terms of gm. per kilo of fresh weight of each sample of whole leaf 
before culture. This assumes that it is possible to select samples 
of initially the same chemical composition and with the same 
relative proportions of blade and petiole tissue. The data indicate 
that the various lots of twenty leaf samples were selected with 
a standard error in initial weight that in no case exceeded +3.5 
per cent and was usually less. The ratio of weight of blade tissue 
to that of the whole leaf was constant within 1 per cent for the 
leaves studied in 1936, but varied as much as +5 per cent in the 
leaves studied in 1937. 

Table I shows that the protein in the blade tissue of rhubarb 
leaves subjected to culture in water underwent rapid digestion, 
and, at the end of 165 hours, approximately two-thirds had dis- 
appeared. The rate of digestion was not significantly influenced 
either by exposure of the leaves to light or by the presence of 
glucose (5 per cent) in the culture medium. The protein of the 
petiole, on the contrary, remained practically unchanged in 
amount during a similar period of culture in darkness, and in- 
creased slightly but significantly during culture in light. 

The rate of protein digestion in the blade was slow at first but 
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became extremely rapid at the time evidences of chlorophyll 
degeneration and loss of turgidity first appeared (72 hours). In 
the experiments carried out in 1936, the leaves were cultured for 
261 hours; protein digestion practically ceased, however, after 
the lapse of 165 hours, when about 29 per cent of the original 
amount still remained. The corresponding figures for the 1937 
experiments were 30, 33, and 29 per cent under three different 
conditions of culture, and protein digestion in rhubarb is thus con- 
siderably more extensive than it is in tobacco leaves under similar 


TABLE I 
Protein Nitrogen and Soluble Nitrogen of Rhubarb Leaves during 
Culture 


The figures are given in gm. per kilo of original fresh weight of whole 











leaves. 

Dre babs tateitei once 1936 | 1937 

Culver cshiiiiens”..... id ‘| ‘DW DW pw | pc !| LW 

Lk i o | 165 261 | 0 | 16 | (10s | (18 

Protein N 
Blade............| 1.46 | 0.381 0.419 | 1.09 | 0.329 0.356 | 0.312 
Petiole.... 0.349 | 0.373 | 0.301 | 0.296 | 0.278 | 0.303 | 0.387 
Whole leaf....... | 1.81 0.734 | 0.720 | 1.39 | 0.607 | 0.659 | 0.699 

Soluble N 
Blade...... ~..--| O.833 | 1.43 | 1.37 0.215 0.914 | 0.815 | 0.584 
Petiole... -...| 0.365 | 0.604 | 0.586 | 0.458 | 0.628 | 0.546 | 0.897 
Whole leaf........ 0.698 2.03 1.96 | 0.673 | 1.54 1.36 1.48 


* The letter D indicates culture in darkness, L in light. The letters W 
and G indicate respectively culture in distilled water or in 0.3 m (5.4 per 
cent) glucose solution. The 0 hour sample in the 1937 series furnishes a 
starting point for all three conditions of culture. 


conditions, and is not influenced by light. It would appear that 
leaves contain proteins that differ in their resistance or availability 
to the action of the intracellular proteolytic enzymes. In rhubarb 
blades, less than one-third of the whole survives prolonged cul- 
ture conditions in a form that can still be rendered insoluble 
by hot water. 

The stability of the protein of the petiole is probably to be 
correlated with the fact that the petiole retained its turgidity 
throughout. The increase in petiole protein noted during culture 
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in light is doubtless an effect of synthesis from soluble nitrogenous 
substances translocated from the blade; translocation of nitrogen 
was evident in all cases, as is shown by the data for the soluble 
nitrogen of the petiole, but was particularly marked during culture 
in light. A similar behavior in leaves of Tropxolum majus has 
been recorded by Michael (17). 

The most striking feature of the nitrogenous composition of 
rhubarb leaves is the high concentration of ammonia. Normal 
leaves may contain from 20 to 45 per cent of the soluble nitrogen 
of the blade in this form and from 50 to nearly 90 per cent of the 
soluble nitrogen of the petiole. These quantities are enormously 
greater than are found in such a plant as tobacco. We have 
never encountered tobacco leaves grown under field conditions 
that contained more than about 1 per cent of the soluble nitrogen 
as ammonia, although this can be materially increased by specific 
culture methods. 

The behavior of the soluble nitrogen of the rhubarb leaves can 
be most concisely presented in terms of the change that occurred 
over a period of 165 hours of culture under different conditions. 
Because of the transport of nitrogen from blade to petiole, it is 
usually impossible to decide in what part of the leaf the trans- 
formations took place, and accordingly the separate data for 
blade and petiole tissues have been combined and are given in 
terms of the whole leaf. 

Table II shows that from 7 to 20 per cent of the total nitrogen 
of the leaves was converted into ammonia in addition to the 
respective 14 and nearly 16 per cent of the total nitrogen present 
in this form in the two series from the beginning. The amide 
nitrogen also increased materially. A careful qualitative analysis 
of the blades of leaves from the same lot as those studied in 1937 
showed that the only amide present, after more than 100 hours 
of culture in darkness, was glutamine, no asparagine whatever 
being detected. Although small quantities of acid-hydrolyzable 
ammonia were found, most of it must have belonged to some 
substance other than asparagine (18). The progression or trend 
in the values for apparent asparagine amide nitrogen during 
culture either in darkness or in light was hardly significant. Al- 
though a little asparagine may arise directly from the protein, 
the quantity, even after prolonged culture, must be very small. 
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TABLE II 
Changes in the Forms of Nitrogen* in Whole Rhubarb Leaves during Culture 
for 165 Hours 
The figures are given in in n gm. per kilo of original fresh weight. 


1937, | 1937, 














Line | | 1936, | 1937, 

No. DWt DW DGt LWt 
1 | Ammonia N............0000.--......| 0.148} 0.463 0.304) 0.301 
2 | Glutamine amide N me) |e PL Magat 0.248) 0.106) 0.119) 0.084 
3 | Protein N.. | 1.056) 0.783) 0.731] 0.691 
4 | a-Amino N liberated from proteing. ; 0. 744, 0.595) 0.556} 0.525 
5 | Soluble amino N.............. oe] 0. 703, 0.425, 0.365, 0.321 
6 | Nitrate N reduced. . a ; 0.000' 0.061) 0.040) 0.022 
7 | Protein amino N, corrected for gle- 

tamic acid ((4) — 8% of (3))....... 0.660) 0.532) 0.498 0.470 
8 | Glutamine amide N, corrected for 
| glutamine from protein ((2) — 8% 
SS; ae Ey | 0.164) 0.043| 0.061) 0.029 
9 | Soluble amino N, corrected for glu- | 
tamine ((4) — 180% of (2))...... 0.257} 0.234) 0.151) 0.170 
10 | Amino N transformed§ (7 — 9)..... | 0.403 0.298) 0.347) 0.300 
11 | Amino N transformed + nitrate N | 
| reduced (10 + 6)...... 0.403) 0.359, 0.387 0.322 
12 Total N of synthesized giutemine | 
(twice (8)).. | 0.328) 0.086) 0.122 0.058 
13 | Glutamine N + ammonia N (12 + 1).| 0.476) 0.549) 0.426) 0.359 
H4 Difference (11 — 13).. e: |—0. 078 —0. ). 190|—0. 039 —().037 





° The total nitrogen of the 1936 leaves was 2. 80 gm. per kilo, a the 
1937 leaves 2.24 gm.; the ammonia nitrogen at the start was respectively 
0.398 and 0.353 gm.; the organic solids at the start were respectively 85.8 
and 60.6 gm. per kilo. 

t For explanation of the letters, see Table I. 

t The values for amino nitrogen liberated from protein for the 1936 
leaves were determined by hydrolysis of the protein of the tissue before 
and after culture; the values for the 1937 leaves were calculated by multi- 
plying the loss of protein nitrogen by 0.76. This factor is an average value 
for the proportion of amino nitrogen present after complete hydrolysis of 
purified leaf proteins, and was communicated to us by Professor Chibnall. 

§ These figures show the extent of deamination of amino acids. They 
represent from 49 to 62 per cent of the a-amino nitrogen liberated from the 
protein. 


Accordingly the amide metabolism of rhubarb either in light or 
in darkness, unlike that of tobacco, is entirely a matter of glu- 
tamine formation. 
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The leaves studied in 1936 produced far more glutamine during 
culture in water in darkness than did those studied in 1937, and 
the quantity present at the end of the experiment represents a 
substantial part of the organic solids. Of the 40.0 gm. of organic 
solids per kilo of whole leaf in the blades at the start, 33.8 gm. 
remained at the end of 165 hours, the loss being mainly due to 
respiration. The blades then contained 0.207 gm. of glutamine 
amide nitrogen, or the equivalent of 2.15 gm. of glutamine, all 
save a trace being newly formed; this is 6.4 per cent of the organic 
solids. The only tissue we have examined that contained glu- 
tamine in a concentration approaching this order of magnitude 


Tase III 


Comparison of Amide Synthesis in Rhubarb and Tobacco Leaves during 93 
and 95 Hours Respectively of Culture in Water 


The figures represent increases in amide nitrogen. 





Glutamine | Total amide 
| pws | Lwe | DW | LW 
gm. gm. gm. gm, 


Rhubarb blades (1937), per kilo whole leaf.| 0.030 | 0.036 | 0.036 | 0.044 
os o's ~ 6 = ae 

tissuef..... .....| 0.109 | 0.132 | 0.132 | 0.161 

Tobacco leaves (1934), per kilo whole leaf{.| 0.038 0.071 | 0.288 | 0.116 


* For explanation of the letters, see Table I. 

t Calculated from the mean blade-weight ratio of 0.273. 

t Tobacco leaves of the variety used in these experiments do not have 
a petiole. 


was a sample of beet roots from plants that had been heavily 
treated with ammonium sulfate for 18 days; the plants were small 
and had been severely damaged, but the roots contained 5.4 per 
cent of their dry weight as glutamine (19). Whether or not the 
performance of this particular lot of rhubarb leaves with respect 
to glutamine synthesis represents anything unusual will require 
more extensive investigation, but it is clear that the plant possesses 
an effective amide-synthesizing mechanism which is called into 
play when the ammonia content is substantially increased. 

Table III shows that the 1937 rhubarb blade tissue, although 
less efficient in this respect than that collected in 1936, produced 
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more glutamine than an equal mass of tobacco leaves during 
culture for the same time either in light or in darkness. The 
rhubarb blades produced more total amide during culture in light, 
but the tobacco leaf excelled in darkness because of the rapid 
synthesis of asparagine. 

The observation of an active amide-synthesizing mechanism 
in rhubarb, an “acid plant” according to Ruhland and Wetzel’s 
classification, is in complete accord with results recently pub- 
lished by Schwab. Schwab (7) has found that Ovalis deppei 
leaves form glutamine and Pelargonium peltatum leaves form 
asparagine during culture under conditions similar to those we 
have employed, and it may therefore be concluded that the so 
called acid plants do not differ qualitatively in this respect from 
neutral plants. 

Attempts to correlate the quantities of glutamine formed with 
the ammonia presumably liberated by oxidative deamination of 
amino acids derived from the protein have been moderately 
successful. The analytical difficulties are serious, and several 
assumptions must be made, since practically nothing is known 
about the constitution of rhubarb leaf proteins. If, however, 
these proteins are analogous in composition to the grass leaf 
proteins analyzed by Miller (20) in Chibnall’s laboratory, they 
may be expected to yield about 8 per cent of their nitrogen as the 
nitrogen of glutamic acid, although the glutamic acid is probably 
combined in the native protein mainly as the amide. From 
analogy with the results with tobacco leaves, it seems probable 
that protein is digested by the intracellular proteolytic enzymes 
completely to the amino acid stage. Whether glutamic acid is 
liberated as such under these conditions, or as the amide glutamine 
is unknown, but the presence of glutamine-synthesizing amides 
in the leaves suggests the likelihood that glutamine is produced. 
If this be assumed, it is possible to show from the data in Table I] 
that more than half of the amino nitrogen, exclusive of glutamic 
acid nitrogen derived from the protein, must have been destroyed 
as such (Line 10), since the soluble amino nitrogen, corrected 
for glutamine (Line 9), is much less than would be expected from 
the behavior of the protein (Line 4). If the amino nitrogen that 
was destroyed is transformed into ammonia and 2 moles of this 
ammonia combine with a non-nitrogenous precursor to yield 
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glutamine, the quantities of nitrogen involved can be accounted 
for in the 1936 leaves within 0.073 gm. The steps in the calcula- 
tion, founded on the assumptions above, are shown in Lines 7 
to 13 of Table II. So small a discrepancy is readily accounted 
for if a little nitrogen in forms other than a-amino nitrogen is 
converted into ammonia. Closer agreement could perhaps 
scarcely be expected, when the analytical and sampling errors 
are considered. 

Similar calculations made upon the leaves studied in 1937 led, 
in two out of three experiments, to even closer agreement, the 
exceptional case being entirely due to an unusually high value 
for ammonia in the petioles of one sample. For these leaves, 
it was necessary to employ the factor 0.76 to estimate the amino 
nitrogen liberated by enzyme hydrolysis of the protein. This 
factor is an average obtained by Professor Chibnall' from studies 
of a wide variety of purified leaf proteins. 

The 1937 leaves were considerably less effective in disposing 
of ammonia as an amide than the 1936 leaves. In fact, it is 
possible to show, from data obtained after 93 hours of culture 
(not given in Table I1),? that the whole of the glutamine present 
at that time may have arisen directly from the protein. The 
amide-synthesizing mechanism may therefore have come into 
definite operation only after the lapse of 93 hours. Clearly, 
different samples of rhubarb leaves may differ quite widely in 
their capacity to synthesize glutamine. Attempts to employ 
water-cultured rhubarb leaf blades as material for the preparation 
of glutamine in quantity have also been disappointing, probably 
owing to this variability. 

The nature of the precursor that, in combination with am- 
monia, yields glutamine in leaf tissue is at present a matter of 
debate. The experiments of Suzuki (21) and of Prianischnikow 
(8) point to the carbohydrate of the leaf, those of Mothes (6) to 
the organic acids as being concerned. Studies of tobacco leaves 
in this laboratory (10, 11) indicated that the presence of the prod- 
ucts of photosynthesis is essential, although no information was 
secured with respect to the intermediates involved. Careful 


! Personal communication. 
* The complete data, together with a fuller discussion than can be 
given here, will be presented in a forthcoming bulletin from this Station. 
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examination of the carbohydrates and organic acids of the present 
samples of rhubarb leaves was made, but no direct evidence was 
found to link either group of substances with the glutamine syn- 
thesis, nor was there any effect from the products of photosyn- 
thesis produced during culture in light. The failure of the leaves 
cultured in 5 per cent glucose in darkness to show any noteworthy 
increase in glutamine over the control in water, notwithstanding 
the facts that glucose was absorbed, ammonia was present in large 
quantities, and glutamine synthesis was actually in progress, 
suggests that glucose, at all events under the conditions of this 
experiment, is not directly involved in the reaction. 





SUMMARY 


The leaves of the rhubarb plant are characterized by a far 
more acid reaction than those of the tobacco plant, and may 
normally contain very considerable concentrations of ammonium 
ion. They possess an amide-synthesizing mechanism which re- 
sponds when the ammonium ion concentration rises as a result of 
protein decomposition during culture of detached leaves. Glu- 
tamine is synthesized both in light and in darkness; different 
specimens may, however, vary somewhat widely in their capacity 
to produce this amide. One sample of blade tissue investigated 
became so enriched as to contain nearly 7 per cent of its organic 
solids as glutamine; other samples behaved in a manner not 
greatly different from tobacco leaves. Although there is no 
doubt of the capacity of the rhubarb leaf to produce glutamine 
from ammonia and some unknown carbon compound, it is quite 
possible that a substantial part of the newly formed glutamine 
may be directly derived from the protein. 

It is difficult to account for glutamine synthesis in rhubarb 
leaves in terms of the detoxication hypothesis of Prianischnikow, 
since there is no apparent reason why a leaf that may contain 15 
per cent or more of its total nitrogen as ammonium ion should 
suffer damage when this is slightly increased. Illuminating as 
his views may be when applied to tobacco leaves subjected to the 
highly artificial conditions of water culture, they do not shed 
much light on the behavior of rhubarb leaves in like circumstances. 
It is possible that amide synthesis is interposed, so to speak, as 
a buffer to prevent rapid fluctuations in ammonia content; to 














Oo Oo ® 2& 


b 





Vickery, Pucher, Leavenworth, Wakeman 537 


this extent the detoxication idea may express a reality, but the 
fact remains that rhubarb and possibly other plants of similar 
high acidity are far more tolerant of ammonia than the more 
nearly neutral tobacco plant. 

The general mechanism for ammonia production in plant tissues 
from deamination of amino acids of protein origin, originally 
suggested by Schulze, applies in the rhubarb plant, and an approx- 
imately quantitative relationship in the nature of a balance sheet 
between the a-amino nitrogen and the products of its trans- 
formations can be drawn up. An excess of ammonia is, however, 
invariably found which indicates that minor quantities of nitrogen 
in forms other than a-amino nitrogen may become involved in the 
oxidation reactions. 

No positive evidence of the nature of the precursor of glutamine 
has been found. Synthesis occurred in parallel experiments 
almost equally well in light and in darkness and is, accordingly, 
not dependent on the presence of the immediate products of 
photosynthesis as it is in tobacco. Culture in darkness on glucose 
solution gave rise to no marked increase in glutamine production, 
although evidence was secured that the glucose entered the tis- 
sues and that ample ammonia was present. Accordingly, glucose 
itself is probably not the direct nor the indirect precursor of glu- 
tamine in rhubarb. 
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THE ENZYMIC HYDROLYSIS OF BENZYL STEARATE 
AND BENZYL BUTYRATE* 


By A. K. BALLS anp M. B. MATLACK 


(From the Food Research Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture, Washington) 


(Received for publication, June 25, 1938) 


A study of the action of pancreas lipase and liver esterase on a 
variety of substrates led to the observation that esters of benzy! 
alcohol were split with astonishing rapidity in comparison with 
the fats and esters ordinarily employed in such experiments. This 
led us to a more detailed study of the behavior of benzyl stearate 
and its homologue benzy] butyrate. 

Benzyl stearate (m.p. 45°) and benzyl butyrate (b.p. 108-110° 
at 9 mm.) were treated with crude glycerol extracts of pancreas 
and liver in the presence of bile and with the gradual addition of 
ammonia as described in an earlier paper (1). Unless otherwise 
stated the experiments were made on 0.214 gm. of the butyrate 
or 0.449 gm. of the stearate emulsified in 30 cc. of a digestion 
mixture to which suitable amounts of enzyme were added. 
Hydrolysis was determined by the titration of 5 cc. portions of 
the system dissolved in a mixture of alcohol and ether. 

Action of Pancreas Extract—The course of the hydrolysis with 
time at 40° was measured at several enzyme concentrations until 
almost complete disappearance of the substrate occurred. It is 
practically a straight line for both benzyl stearate and benzyl 
butyrate. Such zero order reactions have been observed with 
liver esterase (2) but never as far as we are aware with pancreas 
lipase. 

The evident conclusion is that the rate of hydrolysis at this tem- 
perature is independent of the substrate concentration over a wide 
range. This was confirmed by a direct experiment shown in 
Table I. 


* Food Research Division Contribution No. 388. 
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The speed of hydrolysis of benzyl butyrate and benzyl! stearate 
at temperatures lower than 40° coincides with our previous ex- 
perience that only the esters of lower or unsaturated fatty acids 
are hydrolyzed in the cold. However, while tristearin undergoes 


Taste I 


Alkali Required after Partial Hydrolysis of Different Quantities of Substrate 
with Same Quantity of Enzyme 
Amount of 0.1 nw KOH required after addition of 


Benzy! butyrate 





Benzyl stearate 





Time a _ a ie . pia at 
| 02 mM per 0.4 mM per 0.2 mM per 0.4 mM per 
titration titration titration titration 

ae ees — ee co 

min ce. ce. | ce. ee. 

10 049 | OG | 083 | 0.55 
20 | 0.90 1.05 | 1.00 | 1.00 
30 1.37 1.48 1.37 1.43 
40 | 1.80 1.95 1.72 1.90 
Enzyme used... | 0.16 | 0.08 






PERCENT HYDROLYSIS 





MINUTES 


Fig. 1. Hydrolysis of benzyl stearate and benzyl butyrate (1.2 mm) 
by 1.0 ce. of pancreas extract at various temperatures. 


almost no splitting at 20°, benzyl stearate is hydrolyzed at this 
temperature with fair rapidity. 

The butyrate, on the other hand, continues to hydrolyze rapidly 
when the system is frozen solid. It is apparent that the inertness 
of stearic esters at low temperatures is only comparative and 
varies with the alcohol. 





th 











A. K. Balls and M. B. Matlack 541 


A comparison of the curves shown in Fig. 1 for benzyl stearate 
and benzyl butyrate at several temperatures shows that the form 
of the curve, that is the apparent kinetics of the reaction, changes 
with the temperature. As the latter decreases, the picture of a 
zero order reaction disappears and the curves become more and 
more bent until they resemble the curves for lipase action observed 


TaBLe II 
Speed of Hydrolysis Observed with Various Quantities of Enzyme 
The enzyme units represent cc. of 0.1 N acid formed per minute, per ce. 
of enzyme preparation. 
































Benzyl! butyrate Benzy! stearate 
Enzyme Time | Enzyme unit Enzyme Time | Enzyme unit 
ec. min. ce. ce. min. ec. 
1.00 | 10 0.09 1.00 10 0.05 
| 20 0.08 20 0.05 
25 0.07 30 0.05 
0.50 10 0.11 40 0.05 
| 20 0.10 0.50 10 0.06 
30 0.09 20 0.06 
40 0.09 30 0.06 
0.25 15 0.10 50 0.06 
30 0.09 65 0.06 
55 0.09 0.25 15 0.06 
80 0.09 35 0.06 
0.125 30 0.09 65 0.06 
70 0.09 115 0.06 
| 130 0.08 0.125 60 0.05 
180 0.09 120 0.05 
0.0625 60 0.11 210 0.05 
120 0.10 | 300 0.05 
215 0.09 
335 0.09 


with the higher fats. The only apparent difference between the 
butyrate and the stearate in this regard is the temperature level 
at which the change of form takes place. The effect of tempera- 
ture on the hydrolysis of higher and lower esters thus appears to 
be referable to no fundamental difference between the two types 
of substrates, but it leads to a very great practical difference in 
the results obtained under ordinary laboratory conditions. 
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It is well recognized that any consideration of the kinetics of 
lipase action is greatly complicated by the heterogeneous nature 
of the system. Even if the variations with temperature observed 
here are considered as introducing no new factor into the problem, 
they furnish a good illustration of the difficulty and perhaps the 
futility of kinetic studies on lipase. 

Method for Estimating Pancreas Lipase—Without regard for the 
kinetics involved, it is evident, however, that the straight line 
relationships observed at 40° offer promise of a rapid and conveni- 
ent method for estimating pancreas lipase. 

The speed of hydrolysis with different quantities of enzyme in 
the case of benzyl stearate is approximately proportional to the 


PERCENT HYDROLYSIS 


Fic. 2. Hydrolysis of benzyl butyrate at 40° by various amounts of 
liver extract. 


amount of enzyme added. With benzyl butyrate it is very closely 
proportional. The latter substance is therefore suitable for a test 
substrate. The data presented in Table II are expressed in ce. 
of 0.1 N acid formed per minute, per cc. of enzyme preparation. 
This is a convenient form of enzyme unit because the amount of 
substrate may vary considerably without affecting the result, 
which is obviously not the case if the per cent of hydrolysis is 
used in the computation. Results on benzyl stearate are also 
given in Table II for comparison only. The variations observed 
with this substrate are somewhat too great to permit its use. 
They are probably due to mistakes of manipulation, however. It 
is difficult to adjust the pH of the system fast enough without 
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occasionally overneutralizing it. Furthermore, it is unlikely that 
emulsions of benzyl stearate can be reproduced as accurately with 
respect to particle size as those of benzyl butyrate. 

Comparison of Pancreas with Liver Exrtract—In experiments at 
40°, while pancreas extract hydrolyzed both the stearate and 
butyrate, liver extract hydrolyzed butyrate only. The course of 
hydrolysis found with the liver preparation is shown in Fig. 2. 
It is similar to that ordinarily observed with lipase, resembling 
but not quite fitting a monomolecular reaction. Benzyl butyrate 
and benzyl stearate at 40° therefore offer a method of distinguish- 
ing the action of liver from that of pancreas in hydrolysis. 


SUMMARY 


Benzyl butyrate and benzyl stearate are hydrolyzed with re- 
markable speed by pancreas extract, and benzyl butyrate by liver 
extract. At 40° the reaction velocity of butyrate hydrolysis fol- 
lows distinctly different courses with pancreas and with liver 
preparations. 

The splitting of both benzyl esters by pancreas extract at 40° 
is a reaction of the so called zero order, but at lower temperatures 
the curves are fairly typical of ordinary lipase action. Hydrolysis 
of the stearate is more affected by a lowering of temperature than 
is that of the butyrate. In common with other substrates previ- 
ously reported the butyrate is split at low temperatures, and the 
stearate only when the temperature is relatively high. A con- 
venient method for the estimation of lipase with benzyl butyrate 
at 40° is proposed. 
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Investigations by various workers on the metabolism of cerebral 
tissue, both zn vivo (Himwich and Nahum (1932); Lennox (1931)) 
and in vitro (Dickens and Simer (1931); Loebel (1925); Ashford 
and Holmes (1931)) indicate that the chief substrate for brain 
oxidation is carbohydrate. Moreover, unlike most tissues of the 
diabetic animal, cerebral tissue is able to oxidize carbohydrate, 
with a respiratory quotient of approximately unity, and must 
therefore possess some mechanism for carbohydrate oxidation 
which does not include insulin. Since the brain is uniquely 
dependent on carbohydrate for its energy supplies, the method of 
oxidation of carbohydrate by cerebral tissue is of particular 
importance. 

Recent experiments have cast doubt on the validity of the 
theory that the formation of lactic acid is an essential stage in the 
oxidation of glucose. Thus, Himwich and Fazekas (1935, 1936) 
showed that nicotine inhibited lactate oxidation by minced cere- 
bral tissue to a much greater extent than glucose oxidation, and 
concluded that glucose could be oxidized without going through 
a lactic acid stage. Jowett and Quastel (1937), using hydroxymal- 
onate, reached similar conclusions. Stannard (1937), Saslow 
(1937), and Shorr, Barker, and Malam (1938) observed high 
respiratory quotients for muscle, brain, and other tissues, indicat- 
ing carbohydrate oxidation, in the presence of a concentration of 
iodoacetic acid sufficient to abolish anaerobic glycolysis. Sim- 
ilarly, Baker (1938) reported practically normal brain respiration 

* Aided by a grant from Child Neurology Research (Friedsam Founda- 
tion). A preliminary communication of this work has appeared (Am. J. 
Physiol., 123, 6 (1938)). 
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in the presence of a concentration of glyceraldehyde which com- 
pletely repressed anaerobic glycolysis. 

In the present communication, experiments are reported in 
which carbohydrate utilization was determined both by mano- 
metric and by direct chemical analysis, with normal and diabetic 
cerebral tissue, in the presence of nicotine. 


Methods 


The metabolism of isolated tissue slices was studied in the 
Dixon-Keilin manometers, with the methods of Elliott and 
Schroeder (1934) and the bicarbonate-containing medium of Krebs 
and Henseleit (1932). All substrates were made up to the desired 
final concentration (0.02 m). For an experiment with rat brain, 
sliced cerebral cortex of four animals was usually used, carefully 
sampled, in each of four manometers, so as to insure uniform dis- 
tribution. Tissue was excised also from either normal or depan- 
creatized cats at least 72 hours postoperative. All results are 
calculated in terms of dry weight of tissue. When chemical estima- 
tions were to be made, the contents of the vessels were carefully 
washed out and diluted to 25 ec., and aliquots of this filtrate used. 
Lactic acid was estimated by the method of Friedemann, Cotonio, 
and Shaffer (1927), and glucose by that of Hagedorn and Jensen 
(1923). 

Results 


Glucose and Lactate Oxidation in Brain—Table I presents the 
results obtained with nicotine on the metabolism of rat brain 
slices in the presence of either glucose or lactate. The addition 
of nicotine causes an inhibition of respiration, progressively 
greater with higher concentrations (Experiments 1 and 2). In 
all cases, however, at equivalent concentrations of nicotine, the 
inhibition of lactate oxidation is approximately twice as great as 
that of glucose. 0.03 m nicotine inhibits Qo, in the presence of 
glucose 49 per cent (average) and lactate oxidation 91 per cent 
(average) (Experiments 1, 2, 6, 7, 8). 

There is, in addition, a striking increase in aerobic glycolysis 
(Q9*) in the presence of nicotine, reaching values as high as + 13.6. 
Lactic acid estimations indicated that the increased acid produc- 
tion could be accounted for almost entirely by lactic acid. 

In Table I are also presented figures for glucose disappearance 
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TaBLe | 
Rat Cerebral Cortez Plus Nicotine 
Experimental period 90 minutes; temperature 38°. 
Glucose disappearing 


for respiration, per 100 
mg. dry weight of tissue 








Glucose, 0.02 m Lactate, 0.02 u ef 
Con- | Without With 
3 | Spates | nicotine | nicotine 
4% |nicotine 7 oe 
= | » 9 |Z] # 
e | Q Ss + Q g2)2/2/3| 3 
; Qo. | R.a. \ ES Qo.) R.. A 3S 5 é | S i 
a | ati stig iajala 
ad | ent | m4. | ma. | mg. | mg 
1/0 15.0 0.92 +2.6) 
0.005) 13.7/ 0.96) +3.8) 8 
0.015) 10.6| 0.94) +6.3| 28 | 
0.030) 5.9) 0.86 +13.0,60| | | 
210 | | | 13.8) 0.89)—2.5) 
0.005) | 10.6) 0.82)+0.4) 23 | 
0.015) | | 5.2) 0.66 | 63 | 
0.030 | | | 00 100 | 
5 ee le ee | | 13.4) 0.92/-1.8 | 
0.015 | 8.3) 1.03|—1.4) 38 
4/;0 | | 12.3) 0.93 
0.015 | | 8.1) 0.92 34 | 
5 |0 14.2) 0.96, —0.7| — | 13.6) 1.04)—3.2 
0.015) 10.8) 0 92) +5.9) 24 7.1 0.88 —0.1) 48 | 
6* | 0 | 15.5, 0.96 0.0) | 15.5) 12.1) 1.4 
| 0.03 | 7.7) 0.98) +8.1) 50) 2.4 85 11.0 0.9 
7* | 0 15.0 0.90, +0.6) 15.0 2.0\ 1.7 
| 0.03 | 8.3) 0.98) +8.1) 45) 1.8 88 1.1) 1.4 
8* | 0 | 15.7) 0.93, +0.7) 15.7 2.1) 1.7 
0.03 | 8.8) 0.95) +9.6) 45 | 1.4) 9 1.21.1 
—Qo, = c.mm. of oxygen consumed per mg. of dry weight of tissue 


per hour. 

Qa = c.mm. of CO, evolved, equivalent to lactic acid, per mg. of dry 
weight of tissue per hour (aerobic). 

* 2} hour experimental period. 


for three experiments (Nos. 6, 7, 8). The figures listed under 
“Manometric”’ represent the amount of glucose disappearing per 
100 mg. of dry weight of tissue per hour, calculated from mano- 
metric data, on the assumption that all respiration is at the ex- 
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pense of glucose (1 mg. of glucose = 747 e.mm. of O2). The 
estimated values were obtained by determining the difference in 
glucose concentration between the left and the right manometric 
vessels, corrections being applied for the amount of glucose which 
was converted to lactic acid. As can be seen from these data, 
there is fairly good agreement between the manometric and the 
chemically estimated results. Thus, average values for glucose 
utilization in three experiments are, in the absence of nicotine, 
2.1 mg. (manometric) and 1.6 mg. (estimated), and, in the presence 
of nicotine, 1.1 mg. (manometric) and 1.1 mg. (estimated). 

The respiratory quotient of brain tissue with glucose as sub- 
strate was little affected by nicotine in concentrations as high as 
0.03 m, despite the fact that the respiration was inhibited as much 
as 60 per cent (Experiments 1,5 to8). In the absence of nicotine, 
values varied between 0.90 and 0.96, and in the presence of 0.03 
M nicotine from 0.86 to 1.00. Apparently, therefore, the glucose 
was oxidized to completion. 

Similar results were obtained on the brains of normal and 
diabetic cats (Table II). On the average, 0.03 m nicotine in- 
hibited glucose oxidation 28 per cent and lactate oxidation 56 
per cent in the normal brain. In the diabetic brain, 0.03 
nicotine inhibited glucose oxidation 28 per cent and lactate oxida- 
tion 58 per cent; with 0.05 m nicotine the inhibition was 35 per 
cent for glucose and 69 per cent for lactate. For cat brain a higher 
concentration of nicotine was required to produce a degree of 
inhibition comparable with that obtained on rat brain. 

In the absence of nicotine the aerobic glycolysis Q, of cerebral 
cortex from both normal and diabetic cats was found to be higher 
than that obtained with the rat, ranging from +0:7 to +3.9; 
nicotine increased these values (+3.8 to +9.9), although the 
increase was not so striking as that seen with rat brain. Nicotine 
had no significant effect on the respiratory quotients of either 
normal or diabetic cat brain in the presence of glucose (without 
nicotine, 0.93 to 1.01; with nicotine, 0.84 to 1.03). 

Chemical and manometric estimations of glucose utilization by 
diabetic cerebral cortex are also shown in Table II. With 0.03 
M nicotine, the following results (average for three experiments) 
were obtained: without nicotine, 1.1 mg. (manometric) and 1.0 
mg. (estimated), with nicotine, 0.8 mg. (manometric) and 0.9 
mg. (estimated); with 0.05 m nicotine (average of two experi- 











Con- 
_ | centra- 
2 tion of 
Z ‘nicotine 
3 
e 
5 
= 
x | 
a | 
mole 
per l. 
l 0 
0.03 
2:0 
0.03 | 
3 0 
| 0.03 
Average 
l 0 
0.03 
2/0 
0.08 
3 10 
0.08 
t | 0 
0.038 
5 0 
0.03 
6 0 
0.03 
Average 
710 
0.05 
8 |0 
0.05 
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| 8.6 | 


| 5.3 | 


TasBie Il 


Cat Cerebral Cortex Plus Nicotine 


ilucose, 0.02 m 


Lactate, 0.02 


Tnhi- | 
ng. |@A — 2.9 On 
20: | > 
! 
Normal 
per 
cent 
0.95 +2.9 7.8 1.01,—0.8 
1.00'+6.3, 27 | 2.8) 0.89\—0.5 
0.94'+3.8 10.7) 0.88 —0.6 
1.004+4.9 28 | 4.1) 1.03\—1.5 
0.99. +3.2 8.7) 0.97,|—2.0 
1.03\+5.3 28 4.9' 0.94,—0.5 
28 | 
Diabetic 
0.97 +0.7 9.7 0.86'—1.0 
0.90'+3.8 38 5.4) 0.93'—0.8 
1.01/+1.1 9.1) 0.90/—1.2 
0.99\+5.3 27 | 6.3) 0.93,—0.9 
0.98'+1.9 9.6) 1.03)—2.3 
0.84,+6.1) 32 | 4.8) 1.03)/—0.3 
0.93'+3.9, Q 4 0.98 —0.8 
0.93|+7.1) 28 | 1.3] 0.93|-0.4 
0.96 +3.1 10.1| 0.93|—1.7 
1.00:4+5.5) 24 | 2.1) —1.0) 
0.96 +1.8 8.6) 0.90'—1.1 
0.87'+4.9 20 | 3.6 1.00)+0. 1) 
28 
— 
0.94;+1.1 9.0) 0 
0.94'+4.3) 33 | 2.8) 0.79 
0.97|+-2.2) 8.6) 0.97 
0.95|+6.2) 38 | 2.5) 0.62 
| 35 


Inhi- 
bition 
Oo 


0. 


per 
cent 


62 


43 


56 


oA 


Glucose disappearing 
for respiration, per 100 
mg. dry weight of tissue 


With 


Without 
nicotine nicotine 
2 2 
¥/si sis 
si eleis 
si/aisia 
mg mg mg mao 
1.1) 1.1 
0.8) 0.8 
1.2) 1.0 
1.0) 1.0 
1.1, 0.8 
0.8 1.0 
1.2) 1.0 
| 0.8 0.6 
1.2) 1.0 
| 0.7) 1.0 
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ments), without nicotine, 1.2 mg. (manometric) and 1.0 mg. 
(estimated); with nicotine, 0.8 mg. (manometric) and 1.0 mg. 
(estimated). 


TaBe III 
Effect of Nicotinic Acid and Nicotinic Acid Amide on 
Rat Cerebral Cortex 




















Glucose, 0.02 m Lactate, 0.02 2 
Experi-| Concen- | ———, - 
ment Inhibi- Inhibi- 
No, | ‘P| -Qo. | ne. | Qa tion of | -@o,| ma | Qa ton of 
| Os | Or 
Nicotinic acid 
| per cent | per cent 
| | } 
1 | 0 | 13.5 | 0.93 | +0.9 13.5 | 0.93 
0.03 | 12.5 | 0.88 | +54) 7 | 4.2) 69 
2 |0 | 13.9 | 0.96 | -0.2 13.9 | 0.96 | —0.3 
0.03 | 12.8 | 0.96} +49) 8 | 3.5/0.89|)-1.5| 7 
3 | 0 14.9 | 0.89 | +1.9 14.9 | 0.89 
| 0.03 | 13.2 | 0.95 | +5.7/] Ill 8.4 | 0.77| -O0.8)| 44 
Ww 0 | 11.8 | 0.93 | —0.6 
0.03 | 7.5| 0.98 | -1.9| 36 
5 jo | | 12.6 | 0.97 | 
| 0.03 | | 4.7 | 63 
SE GR Re See Se 9 | 57 
Nicotinic acid amide 
1 |o | 13.3 { 1.01 | -0.4| | 13.3 | 1.00 | -0.4 
0.03 | 12.8 | 0.96 | 00! 4 | 84/0.72/+41.0| 37 
2 0 | 11.8 | 0.93 | —0.6 11.8 | 0.93 | —0.6 
0.03 | 10.3 | 0.82 | 4+2.8/ 13 | 10.1/0.90/-1.2) 
3 | 0 | 12.6 | 0.97 | -2.5| 12.6 | 0.97 | —2.5 
0.03 | 10.7 | 0.86 | 43.4) 15 | 13.5] 0.93) -2.5| -7 
4 0 | 14.8 | 0.93 | +1.6 | | 
0.03 | 14.6 | 0.86 | 42.0) 1 
RRS ics cade bees 20s Se ae | 15 





Effects of Nicotinic Acid' and Nicotinic Acid Amide*—As is in- 
dicated in Table III, the results obtained with nicotinic acid at a 


' Eastman Kodak Company; recrystallized from alcohol. 
? Sample prepared from liver, kindly donated by Dr. M. O. Schultze of 
the University of Pittsburgh. 
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TABLE IV 


Rat Cerebral Cortex Plus Nicotine 


Pyruvate, 0.02 u | Lactate, 0.02 u 




















- |Concen- | 
— or | | Inhibi- Inhibi- 
No. | nicotine | Qo. R.Q. Qa tion of | ~@o, R.Q. Qa | tionof 
j | | Qo, | Ro. 
| enalp ger} per cent | | per cent 
1 |0 12.3 | 1.34 | —4.8 
0.015 | 5.9] 1.40 | -2.9] 52 
0.030} 4.7) 1.20 | -0.5| 61 
S10 | 12.5 | 1.32 | —4.2 | 
0.015 | 7.1) —4.3| 43 | 5.0 | 1.03 | -0.1| 60 
0.030 | 2.8 —-1.7| 78 
3 |0 12.7 | 1.38 | —4.9 | 
0.015| 7.2| 1.44 |-2.9] 43 | 7.4] 0.90 | -03!| 42 
0.030 | 3.3 —2.7| 74 
4 |0 11.2) 1.34 | —4.6 
0.015| 6.4] 1.44 | -3.6] 43 | 5.5 | 0.95 | -2.3/ 51 
0.030 | 1.0 | 92 
TABLE V 
Rat Cerebral Cortex Plus Nicotine 
Tek RE ae cect K 3 Annee 
a on [Str] S| -00,| a0. | cn [ESE 
vine! O: | Ba. A | 20, | rel | ~ R.Q. | A Qo, 
‘oa at \per cen asf | be cent 
1 {0 12.3 | 0.93 | +1.5 0 12.8 | 0.33 | —1.4| 
| 0.015 | 7.3 | 0.93 | +0.9) 41 | 0.005) 12.4 | 0.23 | —2.1) 3 
2 |o 13.1 | 0.93 | +0.6 (0 =| 14.8 | 
0.015 | 4.9] 0.88| 41.3) 63 | 0.005} 13.5 | 0.32 | | 9 
| | | | | 0.015) 13.1 | 0.47 | me 
0.030) 12.6 17 
3 «1 0 | 13.6 | 0.93 | +0.4 0 11.3 | 0.37 | —0.8) 
0.015 | 7.3 | 0.87| +1.3| 46 | 0.015) 13.0 | 0.37 | —0.1|-15 
0.015 | 6.5 | 0.95 | $0.7 52 | | | 
0.030 | 2.0/ 1.00 | —0.1) 85 | | 
4 | | - 13.5 | | 
| | (0.08 | 13.1 0.33 | =~t:.4 8 
5 /0 | 13.9 | —0.2 
| 0.08 | 10.1 | 0.31 | +0.5| 20 
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concentration of 0.03 m are even more striking than those with 
nicotine, glucose oxidation being inhibited only 9 per cent and that 
of lactate 57 per cent. Since the toxicity of this substance is 
considerably less than that of nicotine, much higher concentra- 
tions are required to produce the essentially complete inhibition of 
lactate oxidation which is obtained with 0.03 m nicotine. Like 


TABLE VI 
Rat Kidney Plus Nicotine 












































be i Glucose, 0.02 m Lactate, 0.02 m 
ment | ‘ation ] | Inhibi- | Inhibi- 
No. | nicotine} —@0: | 2.0. Qa | vm of | Qo, | 2.2. Qa | tion of 
j | O: | 0: 
> or | per cent | baton 
1 |0 24.1 | 0.87 | —1.8 | 31.7 | 0.89 | —5.1 | 
0.015 | 18.1 | 0.94 | -1.7| 25 | 23.6/0.91| -4.4| 26 
2 /|0 23.4 | 0.89 | —1.7 | 30.4 | 0.90 | —4.4 | 
0.015 | 16.8 | 0.94 | —2.1| 28 | 25.7! 0.87] —-3.7| 15 
3 10 | 24.7 | 0.85 | —0.6 | | 
0.038 | 13.6 | 0.87 | —1.4 | 45 | | 
4 10 | 21.7 | 0.89 | -1.6 | | 29.7 | 0.94 | —5.4 | 
0.03 | 14.7 | 0.92 | -0.1| 32 | 23.2] 0.87| -3.7| 22 
5 |0 | 18.7 | 0.81 | -0.4 | 27.6 | 0.89 | 4.6 | 
|0.03 | 11.3 | 0.98 | -1.9| 39 | 17.1|0.88| -2.0| 38 
No substrate added 
6 |0 | 19.6 | 0.72 | +0.9 | | | 
0.03 | 11.0 | 0.76 | —-0.2| 44 | 
7 |0 20.3 | 0.88 | —3.1 | 
0.03 | 10.9 | 0.73 | -0.2| 47 
8s |0 18.5 | 0.80 | —0.6 
0.06 1.8 | 0.72 | +06] 90 | 
9 |0 22.3 | 0.81 | —1.7 
| 0.06 3.3 | 0.75 | +0.7| 85 




















nicotine, however, nicotinic acid stimulates glycolysis. Nicotinic 
acid amide was found to have little effect at this concentration, 
the inhibition of glucose oxidation being on the average only 8 
per cent, and that of lactate only 15 per cent. Glycolysis was 
not affected. 

Various Substrates—The effect of nicotine on the oxidation by 
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rat cerebral cortex of pyruvate, succinate, and fructose has also 
been studied. Pyruvate oxidation (Table IV) was found to be 
markedly inhibited, 45 per cent (average) for 0.015 m nicotine and 
76 per cent (average) for 0.03 M nicotine. In several experiments, 
also listed in Table IV, the effect of nicotine on lactate and pyru- 
vate oxidation was directly compared; a striking degree of cor- 
respondence is seen to exist in the degree of inhibition effected. 
Nicotine inhibits fructose oxidation by brain (Table V) to an even 
greater extent than glucose oxidation, 50 per cent at 0.015 mM and 


TaBLe VII 
Rat Testes Plus Nicotine 


| Glucose, 0.02 Lactate, 0.02 m 





Experi- | Concen- 
ment tration of | Inhibi- Inhibi- 
No. | nicotine | Qo, | ne | Ga | tionof | -Qp R.Q. Qa =| tion of 
Yo. | Vo. 
o> tad | per cent per cent 
1 |0 | 11.5 | 0.91 | +6.8 16.2 | 0.86 | —1.7 
(0.015 | 7.6 | 1.01 | +5.4 34 8.6 | 0.87 | +0.5 47 
2/0 9.7 | 0.95 | +6.4 12.1 | 0.76 | +0.3 | 
0.015 | 6.6 | 1.05 | +7.6 33 8.6 | 0.83) +1.4/| 29 
3 |0 | 12.9 | 0.95 | +6.8 16.8 | 0.89 | —1.8 
0.03 | 4.8 | 1.01 | +5.4| 68 4.2 | 0.80 | +1.0 | % 
1s lo | 13.0] 0.94 | +6.5| 17.8 | 0.87 | -1.8 
0.08 | 4.6 | 1.00 | +5.4) 65 3.9 1.00) —0.1 78 
5 0 12.3 | 0.91 | +7.7 17.3 | 0.86 | —1.1 
| 0.03 2.8 | 1.13 | +5.4 78 3.6 | 0.79 | +2.2 79 
6 | 0 12.8 | 0.98 | +5.4 17.1 0.84 —1.9 
| 0.03 2.5 1.20 | +3.7 81 3.1 | 0.78 | +1.7 82 


85 per cent at 0.03 m. (See Table I for comparable figures on the 
inhibition of glucose oxidation.) There was no significant effect 
on the r. Q. (0.93 for normal as compared with 0.87 to 1.00 with 
nicotine, and, unlike results with glucose, there was no increase 
in acid formation. 

Succinate oxidation (Table V) was, in general, little affected 
by nicotine, even at a concentration of 0.03 m. The results were 
irregular, but in no case was an inhibition of more than 20 per 
cent produced. 

Testes and Kidney—Results obtained from experiments on the 
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respiration of rat kidney and testes are presented in Tables VI and 
VII. Apparently kidney respiration is less sensitive to nicotine 
than is that of cerebral cortex, the inhibition of respiration with 
0.03 M nicotine being less than that produced on brain. In further 
contrast with brain, glucose and lactate oxidations by kidney are 
inhibited to about the same extent, 39 and 30 per cent respec- 
tively. A few experiments are indicated in Table VI in which no 
substrate was added. With 0.03 m nicotine, the inhibition was 44 
and 47 per cent, approximately the same as that produced in the 
presence of either glucose or lactate. With testes (Table VII) 
the same type of result was obtained as with kidney; with 0.015 
M nicotine, glucose oxidation was inhibited 33 per cent and that 
of lactate, 38 per cent (average of two experiments); with 0.03 
M nicotine, glucose oxidation was inhibited 72 per cent, and lac- 
tate 78 per cent (average of four experiments). From the experi- 
ments here presented, it can be seen that in kidney and testes, 
unlike results with cerebral cortex, glucose and lactate oxidations 
are inhibited to approximately the same extent. 


DISCUSSION 


The results presented in this paper indicate that at least in 
brain tissue it is possible for glucose to be oxidized under condi- 
tions in which lactic acid oxidation is almost completely inhibited, 
and the amount of glucose which disappears agrees well with the 
amount which should have disappeared, as calculated from oxygen 
uptake at a respiratory quotient of unity. According to these 
observations, glucose is oxidized completely to CO. and H.O 
through intermediates other than lactic acid. However, our 
results do not preclude the possibility that in the absence of nico- 
tine part of the respiration may go through lactic acid, thus 
indicating at least two paths for the oxidation of glucose in brain 
tissue. It is of interest to mention at this time a few of the experi- 
ments reported in the literature with various tissues and dyestuffs 
in which glucose oxidation was accelerated to a considerably 
greater extent than lactate oxidation (Dickens (1934); Dodds and 
Greville (1934); Pourbaix (1934); Young (1937)), which may be 
interpreted as lending additional support to the concept that two 
paths for glucose oxidation exist. 

It has been suggested by various workers (Toenissen and 
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Brinkman (1930); Peters (1936); Elliott and Schroeder (1934)) 
that pyruvate is an essential step in the oxidation of lactic acid. 
We have found that the oxidation not only of lactate but also of 
pyruvate is inhibited by nicotine. Since vitamin B, is, according 
to Peters, essential for the oxidation of pyruvic acid by brain 
tissue, it would appear that nicotine blocks the same path that is 
catalyzed by vitamin B,. 

The experiments with nicotine reveal that the oxidation of 
carbohydrate in the brain involves other processes than, for ex- 
ample, in kidney and testes, for, in the latter tissues, nicotine has 
no differential inhibitory effect on glucose and lactate oxidations. 
Cerebral tissue also differs from other tissues in its unaltered 
ability to oxidize carbohydrate in the absence of insulin. Re- 
cently more evidence has been accumulating, revealing the ability 
of the body to oxidize limited but significant amounts of carbo- 
hydrate in the absence of insulin (Houssay (1937); Chambers 
(1938) ; Himwich, Fazekas, and Martin (1938)). The brain, then, 
has developed this ability to a greater extent than other tissues of 
the body. This point of view is further corroborated in the pres- 
ent communication, which discloses that the glucose disappearing 
in the diabetic brain can be accounted for quantitatively by 
oxidations. 

Glycolysis—Despite the inability of cerebral tissue to oxidize 
lactic acid, aerobic lactic acid formation is stimulated by nicotine. 
This is especially interesting in view of the communication of 
Quastel and Wheatley (1937), according to which nicotine stimu- 
lates the anaerobic glycolysis of brain slices. 


SUMMARY 


1. The metabolism of slices of cerebral cortex of rats and of 
normal and depancreatized cats was studied in the Dixon-Keilin 
apparatus in the presence and absence of nicotine. In the pres- 
ence of a concentration of nicotine which prevents the oxidation 
of lactic acid, it was shown quantitatively that the disappearance 
of glucose could be accounted for by the oxygen consumption 
(corrections being applied for glucose going to form lactic acid). 
Moreover, this mechanism of glucose oxidation does not require 
insulin. La 

2. Oxidations in the brain differ from those in testes and kidney, 
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where nicotine inhibits glucose and lactic acid oxidation to the 


same extent. 

3. Nicotine inhibits the oxidation by cerebral tissue of various 
normal substrates to different degrees; pyruvate and lactate are in- 
hibited to about the same extent, and to a much greater degree 
than glucose; fructose is also inhibited more than glucose; suc- 
cinate oxidation is practically unaffected. 

4. The aerobic glycolysis of brain, but not of testes and kidney, 
is accelerated by nicotine. 

5. Nicotinic acid has an even more marked differential inhibit- 
ing effect on glucose and lactic acid oxidations than has nicotine; 
nicotinic acid amide, on the other hand, has little effect. 
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PREPARATION OF s-GLUCOSE 
By ROY L. WHISTLER anp B. F. BUCHANAN 


(From the Department of Chemistry, Iowa State College, Ames) 
(Received for publication, May 31, 1938) 


There are three laboratory methods used for the preparation 
of 8-glucose; namely, the pyridine process of Behrend (1), the am- 
monia-alcohol method of Levene (2), and the acetic acid method of 
Hudson and Dale (3). A fourth method for obtaining good yields 
of 8-glucose results from a modification and extension of Tanret’s 
(4) original procedure. 

Tanret recommended nucleation with §-glucose and stirring 
a concentrated glucose solution in an oven at 110° for 8 hours, 
in which time crystallization and dehydration took place. Al- 
though this complete dehydration procedure gives good yields 
of 8-glucose, caramelization occurs to a considerable extent. By 
subjecting the sugar sirup to less drastic treatment caramelization 
can be practically eliminated. In the modified method an 85 per 
cent glucose solution is evaporated over a period of 2 hours in a 
vacuum oven at 100° to a solid anhydrous mass of crystals. The 
resulting pure white sugar shows almost no evidence of carameliza- 
tion and possesses a rotation! of +26.1°, representing 93 per cent 
B-glucose content. The sugar is readily purified by recrystalliza- 
tion from alcohol. 

In the neighborhood of 100° the 8 modification is the stable 
form and is, moreover, less soluble than the a-glucose (5, 6). 
Newkirk (7) shows a phase diagram in which he depicts m-stable 
8-glucose in the vicinity of 100° and up to a temperature of 114°, 
at which point it becomes the stable form for glucose. A hot 
concentrated glucose sirup might then be expected to deposit 
crystals of pure 8-glucose. Experiments show that such is the 
case and that good yields of 8-glucose can be obtained by fractional 
crystallization from water solutions at 100°. 


‘All rotations are specific rotations taken with the D line of sodium 
light at 25°. 
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EXPERIMENTAL 


Complete Dehydration Method—200 gm. of anhydrous a-glucose 
(cerelose) were added slowly with stirring to 23.5 gm. of hot 
water (to produce an 85 per cent solution) and the mixture heated 
with constant stirring on a boiling water bath and then on a hot- 
plate until a clear solution was obtained. The sirup was then 
poured into a shallow Pyrex tray of such size that the sirup filled 
the tray to a depth no greater than } inch. The tray was then 
placed in a vacuum oven at 100° and a vacuum of not less than 27 
inches applied to the oven. After 30 minutes the sirup was 
nucleated with a few crystals of pure 8-glucose, thoroughly stirred, 
and replaced in the vacuum oven at 27 inches vacuum and 100°. 
It is important that a temperature of at least 100° be maintained 
during the entire crystallization of the 8-glucose to insure its 
production in good yields. This temperature refers to the sirup 
and was measured by a thermometer placed in the crystallizing 
tray. 90 minutes after seeding a solid anhydrous mass of crystals 
resulted. The rotation of this sugar was +26.1°. It was then 
dissolved in 200 cc. of water at 0°. After 30 seconds of vigorous 
stirring the solution was quickly filtered and 1 liter of absolute 
alcohol mixed with the filtrate. Seeding and stirring produced 
an immediate crystallization of 6-glucose having a rotation of 
+21.8°. A second recrystallization from alcohol produced crys- 
tals rotating at +18.8°. The yield was 160 gm. For preserva- 
tion of the 8 form all traces of moisture were removed by drying 
in a vacuum oven for 3 hours at 75°. 

In this procedure good yields of 8-glucose were obtained without 
nucleation when small runs were made (7.e. 50 gm.). However, 
in large preparations nucleation with pure 8-glucose materially 
increased the yield of this form. 

Method of Fractional Crystallization from Water—200 gm. of 
anhydrous a-glucose were dissolved in water as described above 
and the clear sirup in a liter beaker was placed in a vacuum oven 
as recommended in the first procedure. In 30 minutes the sirup 
which was near the point of crystallization was nucleated with 
pure §-glucose. After 15 to 30 minutes longer in the oven the 
sirup had crystallized to a thick mush. At this point the crystals 
were quickly removed from the oven, stirred with an equal volume 
of boiling 90 per cent alcohol, and filtered through a previously 
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warmed Buchner funnel having a 200 mesh monel metal screen 
in place of filter paper. The crystals were washed free of sirup 
with hot 90 per cent alcohol and then further washed with absolute 
aleohol. After drying for 3 hours at 75° in a vacuum oven the 
crystals rotated at +38.5°. The yield was 140 gm. After one 
recrystallization from alcohol the rotation was reduced to +25.6°. 
A second recrystallization gave crystals rotating at +19.3°. 


DISCUSSION 


In both procedures 100° is found to be the optimum temperature 
for 8-glucose production. Higher temperatures result in extended 
caramelization, while lower temperatures give but poor yields of 
the 8 modification. Since almost all of the water is removed from 
the sirup during the first 15 minutes of drying, a more dilute sirup 
might be used at the start, in place of the 85 per cent sirup. 


SUMMARY 


Modification and extension of Tanret’s original procedure for 
the preparation of 8-glucose make possible a fourth laboratory 
method for obtaining this sugar in good yield. 


BIBLIOGRAPHY 


. Behrend, R., Ann. Chem., 368, 106 (1907); 377, 220 (1910). 

. Levene, P. A., J. Biol. Chem., 57, 329 (1923). 

. Hudson, C. 8., and Dale, J. K., J. Am. Chem. Soc., 39, 320 (1917) 

. Tanret, M. C., Bull. Soc. Chem., 18, 728 (1895); 16, 349 (1896). 

. Mangam, A. W., and Acree, 8. F., J. Am. Chem. Soc., 39, 965 (1917). 

. Jackson, R. F., and Silsbee, C. G., Bur. Standards Sc. Papers, No. 437, 
715 (1922). 

. Newkirk, W. B., Ind. and Eng. Chem., 28, 760 (1936). 


a- wow = 


o 


~ 


: 
. 
| 
| 
| 
| 




















THE AMINO ACID CONTENT OF COW AND CHIM- 
PANZEE HAIR 


By WALTER D. BLOCK ann HOWARD B. LEWIS 


(From the Department of Biological Chemistry, Medical School, University of 
Michigan, Ann Arbor) 


{Received for publication, July 16, 1938) 


Interest in more exact knowledge of the chemical composition 
of the keratins of various types has been greatly stimulated by 
the results obtained by the use of the methods of x-ray analysis 
as a means of detecting and measuring regularities of the molec- 
ular patterns of the fibrous keratins (1). For formulation of 
such patterns, more complete analyses of the amino acid com- 
ponents of the keratins are essential. The most complete and 
more recent studies have been concerned with wool, the chief 
fibrous keratin of commercial importance. 

Further interest in keratins has been aroused by the recently 
proposed characterization of a true keratin (2, 3) as a protein 
with a relatively constant molecular ratio (1:4:12) of the basic 
component amino acids, histidine, lysine, and arginine. The 
constancy of this ratio suggests the presence of some uniform 
nucleus in the molecules of keratins derived from various bio- 
logical sources. 

Another characteristic of the fibrous keratins is their high con- 
tent of sulfur and the sulfur-containing amino acid, cystine. 
Keratinization of a fiber has been associated with the process of 
cystinization (4,5). Factors, age and diet, which may influence 
the hair of young white rats, have been investigated previously 
in this laboratory (6, 7). Workers in the Japanese laboratories 
have also studied variations of the cystine content of hair, related 
to species, sex, and age (8, 9). 

No recent study of cow hair was available and we had been much 
interested in the report by Hsieh (10), that only 1.5 to 2.5 per 
cent of cystine could be isolated from cow hair. Since 5 to 6 per 
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cent of cystine can be obtained from human hair in isolations in 
which no attempt at quantitative procedures is made, the findings 
of Hsieh suggested a content of cystine in cow hair much lower 
than that of other animal fibers. The analyses of Okuda and 
Katai (9) were not yet available when this study was undertaken. 
Through the helpful cooperation of Professor G. L. Huffman of 
the Department of Dairy Husbandry of Michigan State College, 
we were able to obtain for study samples of hair from cows of pure 
breed (Holstein), and of known age and nutritive history. It 
was thus possible to secure more complete data concerning the 
amino acids of cow hair and also to study the age factor in cows 
of the same breed and herd in relation to the cystine content 
of the hair. 

It has been possible to study the composition of the hair of 
chimpanzees of known sex and age with especial reference to the 
content of cystine. 


EXPERIMENTAL 


For extraction of the hair prior to analysis the samples were 
suspended in distilled water for 12 hours at room temperature, 
dried on filter paper in the laboratory for 12 to 20 hours, and 
then extracted in a continuous extraction apparatus at 45-50° 

with the various solvents. The extraction was carried out with 
95 per cent alcohol, chloroform, absolute alcohol, and ether in 
succession for periods of 48, 18, 24, and 12 hours respectively. 
After the final extraction, the samples were dried in a vacuum 
oven at 60° for 24 hours and stored in a vacuum desiccator for 
analysis. No alteration in the character of the fiber was ob- 
served as a result of the extraction. 

Moisture and ash were determined by the usual procedure, 
total nitrogen by the micro-Kjeldahl method of Pregl. 

Total sulfur was determined by two methods, the modified 
Denis-Benedict procedure as used in this laboratory (11) and the 
Parr bomb method. In view of the difficulties in the application 
of the Benedict or Denis method to the analysis of methionine 
or of proteins containing significant amounts of methionine (12), 
the Parr bomb method was used in parallel determinations with 
the modified Denis-Benedict method. Since the keratins contain 
little methionine, it was believed that the use of the modified 
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Denis-Benedict method would introduce little error. This as- 
sumption proved to be justified by the results of the analyses. 
No significant differences in the content of total sulfur of the 
keratins, as determined by the two methods, were apparent. 
Comparative unselected analyses of six consecutive samples of cow 
hair gave 3.76 and 3.73, 3.90 and 3.87, 3.76 and 3.65, 3.81 and 
3.69, 3.80 and 3.75, and 3.67 and 3.79 per cent of sulfur by the 
modified Denis-Benedict and the Parr bomb methods respec- 
tively. The values presented in Tables Land LV are those obtained 
by the use of the Parr bomb method. 

Cystine was determined by the Sullivan method, as modified 
by Rossouw and Wilken-Jorden (13), tyrosine and tryptophane 
by the methods of Folin and Marenzi (14), basic amino acids by 
the methods of Block (15), and dicarboxylic amino acids by the 
methods of Jones and Moeller (16). 

Proline was determined as described by Bergmann (17), and 
glycine by the method of Bergmann and Fox (18). Since, at 
the time this work was undertaken, Bergmann and Fox had not 
yet made available the exact details of their procedure, we made 
use of the slight modification described by Block (19) generously 
placed at our disposal by him. No correction for the solubility 
of the double salt of glycine with potassium trioxalatochromiate 
(20) was made. 


Cow Hair 


The total nitrogen content of the cow hair ranged from 14.64 
to 16.00 per cent, but, in general, was of the same order of mag- 
nitude in all the samples of hair and did not appear to bear any 
relation to the age of the animal (Table I). Total sulfur content 
varied only slightly in the thirteen samples analyzed (range, 3.62 
to 3.87 per cent) and could not be correlated with age (Table I). 

Humin nitrogen varied from 1.3 to 6.7 per cent of the total 
nitrogen, the higher values being obtained in the analyses of the 
black hair. Amide nitrogen comprised from 9.1 to 16.6 per cent 
of the total nitrogen. Although there appeared to be a tendency 
for a lower amide nitrogen in the hair of the younger group of 
animals (range, 9.1 to 12.1 per cent) than in the hair of the older 
animals (range, 13.4 to 16.6 per cent), no attempt was made to 
correlate these values with the content of the dicarboxylic amino 
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acids, since the methods for the determination of this latter group 
are not entirely satisfactory, and since the amount of the indi- 
vidual samples available for analysis was limited. 

The contents of tryptophane and of tyrosine of the hair were 
relatively constant and also bore no relation to the age of the 
animal (Table I). In the case of cystine, an entirely different 
picture was presented. The values ranged from 10.97 to 13.58 
per cent. In the group of animals 3 to 4 months of age there was 


Tasue I 
Analysis of Samples of Cow Hair (Holstein) from Animals of Different Ages 


Two separate samples of hair from Animals 188 and 190 were analyzed, 
the one consisting of white and the second consisting of black hair, as indi- 
cated in the table. All values are calculated on an ash-free, moisture-free 
basis. The letters W., B., and M. indicate white, black, and mixed (black 
and white) hair respectively. 


; EapEenpuanpigadpasebes 


Cystine | 











| Color | Age Total N Ve Total 8 | ‘ystine ante Tyrosine a. 

mos. per cent = ner onal | per cent | per cent per cent per cent 
193. | W. 3 | 15.32 | 3.73 | 10.97 | 79.2 | 3.33 | 1.33 
mm | “ | 3 | 4.64] 3.87 | 11.45 | 78.5 | 3.13 | 1.40 
199 | “ | 38 | 15.20 | 3.65 | 11.46 | 83.8 | 3.51 1.47 
190 | B. | 3 15.54 | 3.69 11.24 | 81.5 | 3.23 1.43 
iss | W. | 4 15.65 | 3.75 | 11.46 | 81.6 | 3.29 | 1.36 
188 | B. | 4 16.00 | 3.79 | 11.45 | 81.0 | 3.25 | 1.37 
ino | M. 4 15.58 | 3.63 | 11.65 | 8.8 | 3.30 | 1.30 
5 | B. | 49 15.61 | 3.77 | 12.65 | 89.8 | 3.45 1.42 
8 | W. | 61 | 15.51 | 3.62 | 13.42 | 98.8 | 3.19 | 1.40 
&§ | “ | Gh | 15.12 | 3.75 13.58 | 96.6 3.21 1.28 
6 | “ 83 15.55 | 3.77 | 13.26 | 93.5 | 3.13 1.33 
3 86 15.67 | 3.66 | 13.43 | 98.2 | 3.41 1.42 
{ s | 3.35 1.20 


| B. | 87 | 14.84 | 3.62 | 13.36 | 98. 


| 
~ 
~ 


a relatively small variation in the cystine content (10.97 to 11.65 
per cent). In the older group, 49 to 87 months of age, the cystine 
content was consistently higher (12.65 to 13.58 per cent), as shown 
in Table I. The values for the hair of the adult animals were 
definitely higher than those reported by Okuda and Katai (9) 
and the variation with age in our own analyses is much more 
marked. The hair of animals younger than 24 months was not 
examined by them. The results obtained furnish further proof 
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that in the production of adult hair keratinization is accompanied 
by cystinization (4-6). The values for the cystine content of cow 
hair are comparable to those for other fibrous keratins and demon- 
strate clearly that there is not the low content of cystine in cow 
hair suggested by the isolation studies of Hsieh (10). 

The cystine content was consistently higher in the hair of the 
older group, but the total sulfur was relatively uniform and bore 
no relation to the age of the animal. In the younger group, cys- 
tine sulfur comprised from 79.2 to 85.8 per cent of the total sulfur 
(Table I), while, in the older group, total sulfur was almost com- 
pletely accounted for as cystine sulfur in most cases. While we 
realize the limitations of cystine determinations, we believe that 
the differences in the percentage of the total sulfur present as 
cystine sulfur are clearly beyond the experimental error of the 
analytical procedures and suggest the presence, in the hair of 
young animals, of considerable amounts of sulfur in some com- 
pound other than cystine. Further evidence in support of this 
hypothesis is afforded by consideration of the values for labile 
sulfur obtained by the method of Zahnd and Clarke (21). Since 
the source of labile sulfur is believed to be cystine, variations in 
the cystine content of the keratins should be reflected in the 
analyses for labile sulfur. The amount of material available 
limited our determinations to the analyses of four samples, two in 
each age group. The white hair of Animal 191 and black hair 
of Animal 190 yielded 2.84 and 2.80 per cent respectively of their 
sulfur as labile sulfur, equivalent to 72.8 and 73.5 per cent of the 
total sulfur. The two samples of white hair of the older group, 
Animals 6 and 3, gave on analysis values of 3.29 and 3.39 per 
cent of labile sulfur or 86.8 and 91.2 per cent respectively of the 
total sulfur. 

Basic amino acids were determined in three samples of hair, 
one from the younger age group and the others from the older 
group (Table II). The values obtained were practically identical 
in all three samples and are similar to those reported previously 
for other animal fibers (2, 3, 22). When the percentages of these 
basic amino acids are expressed as a molecular ratio, the result, 
1:4:10, is comparable to the ratio, 1:4:12, proposed by Block 
and Vickery (2, 3) in their characterization of keratins. 

The amount of material at our disposal did not permit analyses 
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of the individual samples of hair for their content of glutamic 
and aspartic acid. Two samples of mixed hair, one from the 
younger group (Animals 190, 193, and 191) and one from the older 
group (Animals 3, 4, and 5) were analyzed. Values of 2.7 and 
3.0 per cent of aspartic acid were obtained for the mixed samples 
of the hair of the younger and older groups respectively and 
values of 12.1 and 11.4 per cent for glutamic acid. Hair from 
Animals 3 and 8 contained 10.56 and 10.02 per cent of glycine 
respectively, and hair from Animals 4, 8, and 189, 8.28, 8.18, and 
8.22 per cent of proline respectively. The average percentages 
of glycine and proline in cow hair were 10.28 and 8.28 per cent. 
The relatively high content of glycine is similar to the high figure 
of 9.12 per cent reported by Buchtala for human hair (23). 


Taste II 
Basic Amino Acids of Cow Hair 


All values are calculated on an ash-free, moisture-free basis. The letters 
W. and B. indicate white and black hair respectively. 





Animal | : : . My | Molecular ratio, 
a. | Color | Age | Histidine Lysine Arginine | histidine to lysine 
: to arginine 














] 
— oo fous = 
per cent per cent percent | 
0 





Ned 
193 W. 3 .69 2.14 7.42 1:4:10 
15 B. 49 0.67 1.87* 7.48 1:3:10 
4 W. 87 | 0.68 2.10 7.44 1:4:10 








* Slight loss. 


In Table III are assembled the averages of all the amino acid 
determinations of cow hair made in the present series and, for 
comparison, typical values for wool as presented by Astbury 
and Woods (24). 


Chimpanzee Hair 


Our interest in the composition of chimpanzee hair was aroused 
by the known evolutionary relationships between the anthropoid 
apes and man. There is a closer resemblance in respect to certain 
metabolic processes between the anthropoid apes and man than 
between these apes and the lower mammals. Human hair is 
greater in its content of cystine than is any other similar animal 
fiber. Is the content of cystine of the hair of the chimpanzee 
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similarly high? Through the courtesy of Professor R. M. Yerkes 
of the Laboratory of Primate Biology of Yale University, we have 
secured specimens of hair from chimpanzees of known age and 
sex, from animals which have been under observation for pro- 
longed periods of time in the colony at Orange Park in northern 
Florida (26). For comparison we present analyses of three sam- 
ples of human hair also (Table IV). 


Taste III 
Amino Acid Content of Cow and Chimpanzee Hair and Sheep Wool 
The values for wool are those compiled by Astbury and Woods (24), 
except where noted. 








Amino acid Cow hair | Wool Cotpgpnsse 
per cent per cent per cent 
Histidine . . 0.67 | 0.6 0.64 
Tryptophane.. 1.37 1.8 1.42 
Lysine....... 2.03 | 2.8 2.02 
Aspartic acid Bae. | 7.3° | 
Tyrosine. : | 3.29 4.8 | 3.32 
Arginine 7.45 10.2 8.09 
Proline. . 8.28 4.4 
Glycine | 10.28t 0.6 
Glutamic acid... | nae 15.3" | 
pl yi, ah. ‘ | 13.41} | 13.1 15.50§ 











* Values obtained by Speakman and Townend (25). 
+t If the glycine value is corrected (20), a figure of 11.68 per cent is 
obtained. 

t The values for cystine are averages of the analyses of the hair from the 
five animals whose age is greater than 60 months. The values for these 
animals are included because of the greater uniformity of the cystine 
content of the hair of the older animals. 

§ Average of analyses of hair from three adult animals only. 


The hair of the chimpanzee (Table IV) contained a higher 
percentage of sulfur and of cystine than cow hair, a percentage 
of sulfur only slightly less than that of the samples of human hair 
analyzed in the present study. There was observed a tendency 
toward a greater percentage of cystine of the hair of the older 
animals. Thus, the average cystine value for the hair of the two 
younger animals was 14.55 per cent and that of the samples of 
adult. chimpanzee hair, 15.50 per cent. The percentage of cystine 
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in chimpanzee hair was similar to that in the three samples of 
human hair analyzed. The content of total sulfur did not vary 
but, as in the studies of cow hair, it was possible to account for 
a greater percentage of the total sulfur of the hair as cystine sulfur 
in the older animals (Table IV). 

Tyrosine and tryptophane values were relatively uniform for 
all the samples of chimpanzee hair and were comparable to those 
already presented in our analyses of cow hair. It was possible 
to determine the basic amino acids in a single sample of chimpanzee 
hair only (Animal 4). The percentages of histidine, lysine, and 


Tasie IV 
Chemical Composition of Hair of Chimpanzee and of Man 


All values are calculated on an ash-free, moisture-free basis. 



































| | | Cys- | 
| Ani ae 0 tine S | . _ | Tryp- 
fa | se | age | Pet | Tet |cominn | ES | Tyre | TEP 
| s 
| yrs. ger cont |per cent] per cent |per cent per cent) per cent 
Chimpanzee | 1 |M. | 1.5) 16.54 | 4.37 | 14.42 | 88.0 | 3.16 | 1.44 
2 iF. | 3 | 16.62 | 4.25 | 14.67 | 92.1 | 3.16 | 1.41 
s.i1¢ (ff | 16.66 | 4.42 | 15.70 | 95.0 | 3.34 | 1.36 
4 |M. | 15 | 16.86 | 4.20 | 15.45 | 98.1 | 3.63 | 1.44 
| 5 |F. | 17 | 16.75 | 4.30 | 15.30 | 94.9 | 3.34 | 1.43 
Human | 6 | “* | 24 | 16.66 | 4.80 | 15.40 | 85.5 | 2.57 | 1.42 
7 |M4/ 24 | 16.57 | 4.83 | 15.45 | 85.6 | 3.31 | 1.27 
| 8 |“ 3) 70 | 15.52 | 5.08 | 15.93 | 83.6 | 


* Blond hair. 
+ Red hair. 
t Gray hair. 





arginine recorded in the compilation of Table LII are similar 
to those of cow hair. The molecular ratio of the basic amino 
acids is approximately 1:4:10; 7.e., chimpanzee hair is a keratin 
as defined by Block and Vickery (2). 

Okuda and Katai (9) have reported analyses of the cystine 
content of the hair of various species of monkeys, but analyzed 
only one sample of hair from each species. No details as to sex 
or age are available. The cystine values (determined by the 
iodometric method of Okuda) are very variable, ranging from 10.18 
(gibbon) to 14.48 (pig-tailed monkey) per cent. The values ob- 
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tained by us in our analyses of chimpanzee hair are uniformly high 
and suggest that the high content of cystine of the hair is a further 
point of similarity between man and the anthropoid apes. 


SUMMARY 


1. In order to afford more complete data concerning the com- 
position of a fibrous keratin other than wool, a study of the com- 
position of cow hair, which included analyses for ten of the amino 
acids, has been made. 

2. The variations in composition associated with the age of the 
animal have been studied by the examination of thirteen samples 
of hair from pure bred Holstein cows of the same nutritive history, 
but varying in age from 3 to 87 months. The cystine content 
ranged from 10.97 to 11.65 per cent in the hair of younger animals 
(3 to 4 months) and from 13.26 to 13.58 per cent in the hair of 
adult cows (61 to 87 months). 

3. The hair of the chimpanzee resembled human hair in the high 
content of total sulfur and cystine. The cystine content of the 
hair of older animals was slightly higher than that of the younger 
animals, but the total sulfur did not vary. 

4. The molecular ratios of the three basic amino acids of both 
cow and chimpanzee hair were such as to characterize these fibrous 
proteins as keratins, as defined by Block and Vickery (2). 
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A SIMPLIFIED ESTIMATION OF LACTATE IN NORMAL 
HUMAN BLOOD 


By H. T. EDWARDS* 


(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 
(Received for publication, June 29, 1938) 


We have been accustomed to estimate the lactate in blood by 
hemolysis in water, removal of the proteins by the method of 
Folin and Wu (4), treatment of the filtrate with CuSO, and Ca- 
(OH): according to Van Slyke (11), and estimation of the lactate 
in the centrifugate by a modification of the aeration method of 
Friedemann, Cotonio, and Shaffer (6). There haw@ been sug- 
gestions that some of the precautions vs are not neces- 
sary for filtrates from normal blood. For instance, several 
workers (2, 10) have confirmed the suggestion of Friedemann, 
Cotonio, and Shaffer (6) that treatment of Folin-Wu filtrates 
with CuSO, and Ca(OH), might be omitted in some cases. We 
have found that when normal human blood is used certain other 
customary steps have no effect on the estimated lactate, and may 
therefore be left out. 

The apparatus! (Fig. 1) is a modified form of Wendel’s (13). 
It takes up small space and is less liable to break than his original 
form. The glass joints are all interchangeable. Rubber stoppers 
are used at points where quick strains occur. The absorption 
towers are similar to Wendel’s (13). 

Reagents—These are all made according to Friedemann, 
Cotonio, and Shaffer (6) and Folin and Wu (4), except our sodium 
bisulfite, which is 5 per cent. 


Procedure 


Heparinized blood, cells, and plasma, prepared from heparinized 
blood, and blood without anticoagulant added, are convenient to 


*Died December 14, 1937. This paper was finished by his colleagues, 
F. Consolazio and R. E. Johnson. 

'Procurable from the Macalaster-Bicknell Company, Cambridge, Mas- 
sachusetts. 
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Fic. 1. Diagram of the apparatus to scale. The height of the reac- 
tion flask is 15 em.; its capacity, 275 cc. A is the absorption tower, C the 
condenser, F the reaction flask, G the glass joints, P the permanganate 
reservoir, R the rubber stoppers, 7 the tube for bisulfite. When all are 
assembled, P fits in /, F on C, T on C, and A in T. 
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use. Pipette 1 cc. of whole blood into 45 cc. of distilled water; 
mix. Pipette 1 cc. of plasma into 17 cc. of distilled water; mix. 
Pipette 1 cc. of cells into 53 cc. of distilled water; mix. (For 
cells, use a pipette calibrated “‘to contain,” and wash it out.) 
Add, mixing between additions, for whole blood 2 ec. of 3 N He- 
SO, and 2 cc. of 10 per cent tungstate. Add, mixing between 
additions, for plasma 1 cc. of § N H,SO, and | cc. of 10 per cent 
tungstate. Add, mixing between additions, for cells 3 cc. of 3 
n H.SO, and 3 cc. of 10 per cent tungstate. Centrifuge 5 to 10 
minutes at 3000 R.p.m. Turn on the water in the condensers. 

To each reaction flask add 5 ec. of 10 N H.SO,, 10 cc. of 10 
per cent MnSO,, and about 50 cc. of distilled water. About ten 
subsequent runs can be made without adding new reagents or 
cleaning out the apparatus. Add fresh unknowns directly to the 
residues in the flasks, even when these are muddy brown, or hot, 
or both. Pipette aliquots of the centrifugate into the reaction 
vessels. Add 1 ce. of 5 per cent NaHSO; to each tube. Adjust 
on the tower, and connect all rubber stoppers. Fill the reservoir 
with approximately 0.005 n KMnQ,. Adjust the air to flow at a 
brisk rate, light the burners, bring to the boiling point, and add 
KMnQ, by adjusting the stop-cocks to drip so that after 10 min- 
utes a faint pink shows in each flask. About 1 drop every 10 to 
15 seconds is needed. After the first run, a brown precipitate 
obscures the pink color, but add KMn0O, at the same rate as be- 
fore. Add KMn0O, for a total of 15 minutes. Turn off the 
burners, shut off KMnQ,, and stop the flow of air. Wash down 
each tower into its corresponding tube with four 2 ec. portions of 
water, using a fast flowing pipette. Wash the tip of the tower 
with about | ce. ‘Titrate as usual (6), avoiding a large excess of 
I,. Use standard 0.005 n I, and, for hydrolysis, about 5 gm. of 
Na,HPO,-12H,0 ground to a powder. 

We have a battery of eight units. By using a duplicate set of 
tubes and titrating one set while another set of estimations is 
boiling, we can finish eight estimations every 25 minutes. This 
procedure has been worked out according to the conditions dis- 
cussed in the body of the paper. We have used it with satisfac- 
tion in over 1500 routine estimations. 

This method was definitively checked by comparing values ob- 
tained on the same blood with it and with the most specific of the 
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methods for estimating lactate, that of Fletcher and Hopkins (3). 
For isolating the zinc lactate, the blood was deproteinized with 
9 volumes of 95 per cent ethyl alcohol, aliquots of the filtrate were 
evaporated almost to dryness on the steam bath, and from that 
point the procedure of Fletcher and Hopkins was followed exactly, 
except that the aqueous solution of lactic acid prepared by ether 
extraction, before being heated with ZnCO;, was treated with 
PbO, filtered, exposed to H,S, filtered, and aerated (14). The 
two methods agreed well enough to suggest that by the present 
method principally lactate is determined in centrifugates from 
normal human blood (Experiment 1). 

The three main steps of the estimation are deproteinizing the 
blood, oxidation of the lactate, and titration of the bound bi- 
sulfite. These steps will be considered in reverse order, because 


Experiment 1. Comparison of Lactate Determined by Present Method with 


That by Method of Fletcher and Hopkins 








Lactate in 100 cc. blood 





Fletcher and 





Blood No i— 
Present 
| method | Hopkins 
. | mg. mg. 
1 70.2 71.8 
2 | 98.6 101 
Recovery of standard lithium lactate, % of | 96-102 | 89-95 


theory 








the effect of variations in procedure at one stage can be more 
conclusively demonstrated if all further steps are properly verified. 
All of the blood used was drawn from the median cubital veins of 
normal, healthy men. High values were obtained by making the 
subjects run. All values for blood lactate are the averages of 
satisfactory duplicates or triplicates and are expressed as mg. of 
lactic acid in 100 ce. of blood. Every run contained one blank 
and one sample of standard lithium lactate. Acceptable runs had 
blanks of not more than 0.04 cc. of 0.005 N I, duplicates agree- 
ing to 0.02 ec. of 0.005 N Ix, and a recovery of at least 96 per 
cent of theoretical on standard lithium lactate. 


Titration 


A small reagent blank is desirable. With good reagents (13) 
this should equal the distilled water blank. Sometimes a high 
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reagent blank is due to the tungstate, which, when boiled with a 
little dilute H,O2, then gives a low blank. Another cause of high 
blanks is excess of I, during titration. In Experiment 2, 0.05 ce. 
of 0.25 n I, was added in excess of the amount necessary to re- 
move the excess NaHSO,; during titration, and various times were 
allowed to elapse before the excess I, was removed with dilute 
NaHSO;. There is no need to hurry with the titration at this 
point, but if excess I, is present, a higher blank is found. 


Oxidation 


Friedemann and Kendall (8) and Friedemann and Graeser (7) 
abandoned aeration from H.SO, in favor of distillation from 
H;PO, because, although all methods give good recovery with 
synthetic lactic acid, the distillation method gives the lowest 


Experiment 2. Effect of Excess Strong 1, during Titration 
Excess | Period of | 
= BP exposure Lactic acid added | Lactic acid recovered 
add | 


ee. sec. mg. } mg. mg. mg. | mg. | mg. mg. | mg. 
0 0 | 0.290 |Blank 0.180 | Blank! 0.280 | 0.004) 0.180) 0.004 
0.0 | 10 |0.290| « * | * |0.282|/0.007;) * | * 
0.05 30 =|: 0.290 ** | 0.180 | Blank} 0.281 | 0.009 0.178) 0.011 
0.05 | 60 + | * lous} “ * | * | 0.177) 0.011 


* No determination. 


estimates with many types of biological materials and is therefore 
more specific than other methods. However, their (7) figures 
conclusively show that with copper lime-treated filtrates from 
normal human, sheep, dog, and rabbit blood there is no difference 
between results with the aeration and distillation methods. 
Under our conditions there is also no difference among various 
concentrations of H,SO, and H;PO,. Folin-Wu filtrates were 
prepared from several bloods. Some of each filtrate was treated 
with copper lime. The effect of preliminary aeration for 5 
minutes was tested at the same time. 

Experiment 3 demonstrates that with normal blood, copper 
lime treatment does not affect the estimated lactate, and that all 
of the concentrations of acid recommended by Friedemann et al. 
(6-8) give the same result. From considerations detailed below, 
we use a final concentration of about 2 per cent MnSO, and about 
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N H,SO,. Friedemann (5) showed that copper lime treatment of 
glucose solutions does not affect the recovery of lactate, and 
Boyland (1) confirmed this. Friedemann, Cotonio, and Shaffer 
(6) pointed out that copper lime may not always be necessary for 
blood. Table V in the paper of Friedemann and Graeser (7) 
indicates that this is true, and Cook and Hurst (2) and Scott 
and Berg (10) have confirmed it for tungstate filtrates. 


Experiment 3. Effect of Copper Lime, Preliminary Aeration, and Various 
Concentrations of HysPO, and H,SO, on Recovery of Lactate from 
Blood Centrifugates 


| | Estimated lactic acid in 100 cc. blood 








—— Treatment | _No copper lime Copper lime 
No Aeration | No | Aeration 
| | aeration | 5 min. | aeration 5 min. 

mg. | mg. mg. mg. 
1 | 2% MnSO,, ~ H.SO, 20.8 21.2 | 21.0 22.9 
~*~ ns * | 23.4 23.9 | 22.8 | 21.7 
2% “ 0.06‘ H;PO, | 24.0 4.0 | 22.3 | 2.5 
21% “.s HO, | 12% | 127 | 129 | 128 
% * OLn “ | 16 8 8| 128 «| 127 «| «131 
2% “ 0.06 “ H,PO, 128 1344 0«6| «127)~«|:«138 
3 | 2% "4 N HO, | 73.6 | 73.0 | 70.6 | 71.1 
% “ On * | 73.6 | 72.4 73.9 | 72.0 
2% “ 06.06“H,PO, | 72.5 | 73.1 | 74.3 73.4 
3 | With added lithium lactate | 
equivalent to 90.0 mg. lac- 
tic acid in 100 ec. blood 
2% MnSO,, x H.SO, | 164 | 162 161 | 161 
2% “ O1N “ |} 165 | 162 163 | 163 
2% “ 0.06“ H;PO,| 163 | 162 163 | «164 








A further simplification emerges from Experiment 3. Since 
the amount of volatile bisulfite-binding substances in normal 
blood is negligible in comparison even to the blood lactate in 
resting subjects, preliminary aeration before oxidation is un- 


necessary. 

Cook and Hurst (2), using Folin-Wu filtrates and trichloro- 
acetic acid filtrates of human blood, showed that copper lime has 
no effect on the estimated lactate in tungstate filtrates, but 
lowers it in trichloroacetic acid filtrates. Their data, however, 
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did not directly compare the two types of deproteinization on the 
same blood. In Experiment 4 such a comparison is made with 
and without copper lime and with and without preliminary aera- 
tion. As explained below, we use a 1:50 instead of a 1:10 dilution 
of blood in our tungstate precipitation. With both trichloro- 
acetic acid and tungstate, we got the same estimate of lactate 
under all conditions. The discrepancy between our results and 
those of Cook and Hurst (2) may arise because we use an aeration 
method, they a distillation. Friedemann and Graeser’s Table 
V (7) suggests that distillation gives higher values than aeration 
on Folin-Wu filtrates not treated with copper lime, but the same 


Experiment 4. Effect of Copper Lime and Preliminary Aeration on 
Estimated Lactate in Folin-Wu Centrifugates and in 
Trichloroacetic Acid Centrifugates of Same Blood 


The results are expressed as mg. of lactic acid per 100 ¢ ec. of blood 











| Blood diluted 1:50 in 0.2 per cent Blood diluted 1:10 in 4 per cent 
tungstate trichlorcacetic acid 
Blood | No preliminary | 5 min. peclianinnsy No preliminary | "g min. preliminary 
No. aeration aeration aeration = aeration 
No cop- Coy opper ener ‘Cuse No copper| Copper |Nocopper| Copper 
| Per lime | lime | lime | lime lime § lime * lime lime 
1 | 39.4] 30.4 | 37.2 | 41.1 | 40.8 | 41.1 | 42.2 | 41.4 
2 22.7 23.8 23.4 23.4 | 23.4 18.6* | — | 23.0 
3 | 73.6 | 70.6 | 73.0 | 71.1 | 73.6 B.A 72.9 





* Error in diluting suspected. 


result with copper lime-treated filtrates, and further, that aeration 
gives the same result with or without copper lime. 

One of the time-wasting features of routine lactate estimations 
is cleaning the apparatus and adding fresh MnSO,-H.SO, mix- 
tures between runs. If fresh mixtures are not prepared after 
every run, but known lactate solutions or blood filtrates are added 
directly to the old solutions, and the estimation is carried out as 
usual, results are still quantitative. Experiment 5 was carried 
out without changing MnSO,-H,SO, solutions after any of the 


runs. 

In our experience the only limit to the use of old solutions is 
the volume of the reaction vessel. Dilution has no effect on the 
quantitative recovery of lactate, unless very dilute acid is used 
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at the beginning. We have made as many as twelve runs with 
the same MnS0,-H,SO, solutions, the last on lithium lactate 
(Experiment 6). 

The solutions were a deep brown, with a muddy precipitate, 
but results were good. It is not even necessary to allow the 
solutions to cool down between runs. If preliminary aeration 
has to be performed, solutions must be changed as soon as a 
perceptible precipitate of MnO, appears; otherwise, some lactate 
is destroyed during the preliminary aeration. 


Experiment 5. Effect of Not Changing MnSO,-H.SO, Mixture between Runs 
The results are expressed as mg. of lactic acid per 100 ec. of blood. 


Lithium lac- | 





Run No. Blood 1 Blood 2 I~ 90.0 mg. a = 
lactic acid 
in 100 ce. 
cc. 
1 70.6 88.2 89.4 5O Before 
2 71.3. | Another blood filtrate used 90.4 
| in the apparatus 
3 71.0 | - ms 89.1 
4 72.1 | - ‘_ Lost 
5 72.4 91.4 90.0 | 186 After 





Experiment 6. Recovery of Lithium Lactate after Eleven Runs without 
Cleaning Flasks 


The results are expressed as mg. of lactic acid. 








ee x 1 | 2 | 3 4 
a Blank 0.145 | 0.145 0.145 
Recovered..... J oO Oe | 0.148 0.146 0.146 





We do not use colloidal MnO, instead of dilute KMnQ, (7, 8), 
because, under our conditions, the two oxidizing agents give the 
same estimate on the same centrifugate, and KMnQ, is the more 
convenient. The high concentration of MnSO, we use follows 
the practice of Friedemann and Kendall (8). We adopted 
Wendel’s (13) method of adding KMnQ, by allowing the reservoirs 
to drip slowly throughout the estimation. 

With some pathological bloods preliminary aeration, copper 
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lime treatment, or both, may be necessary to give satisfactory 
lactate estimates. Experiment 7 gives the results with two types 
of pathological blood. 

Copper lime should not remove alcohol, but preliminary aera- 
tion should drive it off. Van Slyke (11, 12) has shown that copper 
lime does not remove acetone bodies from urine, and one would 
not expect it to do so from blood centrifugates, but with our 
cases of ketosis not only copper lime, but also preliminary aera- 
tion had no effect. This was probably because acetone is so 
feebly bound by bisulfite (6). The necessity for these treatments 
will have to be determined for each type of pathological blood. 


Experiment 7. Effect of Preliminary Aeration and Copper Lime on 
Estimated Lactate in Pathological Blood 


The results are expressed as mg. of lactic acid per 100 ec. of blood 


No copper lime | Copper lime 
Description of patient - me i < 
No | 5 min. No 5 min. 
seration aeration aeration | aeration 
Acute alcoholic coma.... 51.3 21.2 | &4.1 20.6 
Mild ketosis (blood acetone, ex- 
pressed as acetone, 6.0 mg. “O) 15.6 16.0 14.5 13.4 
Mild ketosis (blood acetone, ex- 
pressed as acetone, 15.0 mg. %) 32.3 31.8 33.4 30.1 


Preparation of Filtrates 

In the usual Folin-Wu procedure (4), a dilution of whole blood 
in the ratio 1:10 is used, and aliquot parts of the filtrate are taken 
on the assumption that lactate is distributed in the same ratio 
by volume throughout both the filtrate and the precipitate. If 
this assumption were true, the same estimate of lactate should be 
obtained whatever the final dilution. Fig. 2 is drawn from ex- 
periments, not on the same blood sample, in which 1 cc. samples 
of whole blood, plasma, or cells was added to various amounts 
of water and then, with mixing between additions, } Nn H,SO, and 
10 per cent sodium tungstate were added. The mixtures were 
centrifuged, and aliquots of the centrifugates were analyzed. 
Since in the higher dilutions the usual concentrations of the 
Folin-Wu reagent no longer precipitated all the proteins, in every 
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dilution the following amounts were used. Enough water was 
used to give the final dilutions indicated in Fig. 2. 
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DILUTION OF BLOOD, CELLS OR PLASMA IN PRECIPITATION 


OF PROTEINS 
Fig. 2. Effect of increasing dilution with water on estimated lactate in 
whole blood, cells, and plasma, when deproteinized with Na,WO, and 
H.SO,. 


The different amounts of protein in whole blood, plasma, and 
cells probably made it necessary to alter the usual concentrations 
of tungstate and acid in order to precipitate proteins properly in 
these higher dilutions. 

If maximal estimates are taken to be correct estimates, then 
the following dilutions should be used for uniform results: for 
whole blood 1:50, for cells 1:60, and for plasma 1:20. We have 
done some experiments with whole blood in which a 1:10 dilution 
gave the same result as 1:50, but we do not understand the cause 
of these variations from experiment to experiment. In all of our 
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experiments, however, a 1:50 dilution has given maximal esti- 
mates, and we use this dilution routinely. It has the further 
advantage of giving a large volume of filtrate with consequent 
smaller percentage error in pipetting. Ronzoni and Wallen- 
Lawrence (9) have shown this dilution effect both for tungstate 
and for other types of protein precipitant. They found that a 
1:10 dilution of blood in 0.2 per cent tungstate gives larger es- 
timates than a 1:5 dilution. We are at present trying to deter- 
mine what factors influence this phenomenon. Ronzoni and 
Wallen-Lawrence (9) postulated that lactate combines with the 
protein precipitate. It may be that variations in the quality of 
the tungstate give variations in the dilution effect (4). 

The assumption that maximal estimates are correct estimates 
is supported by four kinds of evidence. First, the usual trichloro- 
acetic acid centrifugate always gives the same value as a 1:50 


Experiment 8. Agreement between Calculated and Observed Cell Lactates 
The results are expressed as mg. of lactic acid per 100 cc. of blood 


| Cell lactate 


Blood No. ly ~~ Plasma lactate 
| Observed | Calculated 
1 71.0 109 | 26.5 | 26.5 
2 101 131 60.9 63.4 








Folin-Wu centrifugate, but usually not the same as a 1:10 cen- 
trifugate (Experiment 4). Secondly, it is usually impossible to 
obtain agreement in calculated and observed cell lactate with the 
1:10 Folin-Wu precipitation, but with the concentrations recom- 
mended above observed and calculated cell lactates always agree 
very well. Experiment 8 is an example. 

Thirdly, if the same blood sample is divided in two equal parts, 
and if one part is precipitated in a 1:50 dilution and estimates are 
made on aliquots of the centrifugate, these estimates agree (Ex- 
periment 9) with those obtained from the other part by quantita- 
tively extracting the blood four times with dilute tungstate- 
sulfuric acid mixtures, and pooling all the washings. Finally, the 
results obtained from the tungstate centrifugates agree tolerably 
well with those obtained by the isolation of zinc lactate according 
to the method of Fletcher and Hopkins (Experiment 1). 

It is convenient to know how long one may wait after drawing 
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the blood before analyzing it. To check this point, blood samples 
at all stages of deproteinization were allowed to stand without 


Experiment 9. Comparison between Aliquots of Centrifugate and 
Quantitative Extraction of Same Blood Sample 
The results are expressed as mg. of lactic acid per 100 cc. of blood. 


Blood No. Value estimated from aliquot | Value estimated from extract 
] 70.0 72.5 
2 77.2 75.3 
3 7 


71.9 69. 


Experiment 10. Stability of Blood at Various Stages of Precipitation 
The results are expressed as mg. of lac tic acid per 100 cc. of blood. 





Hemolysate | “Hemolysate ~—"' not | Centrifugate 
cs ae . * - 
Tem- | 
pera- 
ture... Ice box | Room | Ice box Room feo Room 
| »0x 
| = 
Blood 
No....] 1 .) 2 ] 6.f tes | cs | « }epee 





Value when drawn 








| 63.4) 42.4) 05.9) 12.3) 63.4) 42.4) 70.2 12.3) 70.2 9 99.2 97.0) 113 





Value after standing 





1 | 62.4) 41.0) 98.6 61.7) 43.6 el tee 
2 | 66.2) 43.2| 99.6! 62.8) 41.6 bP) hiorwies a 
3 | 63.2) 42.7 04.4) 62.0] 44.6 oa car 
4 43.1) 69.0 62.1) 43.8) | | 
5 44.3) 62.4) 44.3) 72.4) 12.6, 71.7 

7 11.3) 

il 11.3 14.5) | 99.0 

12 49.1 | | 

13 | 112 
16 32.0 | | 

21 | | [9-4 





























aseptic precautions in the ice box and also at room temperature 
(around 24°). They were analyzed at suitable intervals after 
preparation (Experiment 10). 
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In order to inhibit the relatively strong glycolytic system of 
whole blood, hemolysis is advisable as soon as possible after the 
blood has been drawn. 

The various preparations were quite stable, even at room tem- 
perature (about 24°), although eventually the values dropped in 
the case of hemolysates and hemolysates precipitated but not 
centrifuged. At ice box temperatures (about 4°) even the hemol- 
ysates seem to be stable for considerable periods. The centrifu- 
gates were remarkably stable at room temperature. There is, 
therefore, no need for analyzing the blood very quickly after it 
has been drawn, provided that it is at least hemolyzed. These 
findings agree with those of Ronzoni and Wallen-Lawrence (9) on 
the stability of tungstate filtrates from blood. 


SUMMARY 
1. A simplified method is described for estimating lactate in 


normal human blood. 
2. Use of CuSO,-Ca(OH)s, preliminary aeration, and cleaning 
of the apparatus between runs are shown to be unnecessary. 
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MONOLAYERS OF DENATURED EGG ALBUMIN 


By HENRY B. BULL 


(From the Department of Chemistry, Northwestern University Medical 
School, Chicago) 
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Within recent years there has accumulated a considerable 
literature dealing with the spreading of native proteins in mono- 
layers. All attempts, however, to spread denatured proteins 
have been unsuccessful except those of Gorter (1), who treated 
heat-denatured egg albumin with pepsin and produced spreading. 
The purpose of the present paper is to report a simple technique 
by which urea-denatured and heat-denatured egg albumin can be 
spread in monolayers. The properties of these monolayers have 
been studied by means of a Langmuir surface balance and com- 
pared with those of monolayers of spread native protein. The 
hydrophilic character of the spread native protein has been quan- 
titatively investigated and related to the structural changes oc- 
curring in the film as the film pressure is increased. The surface 
coagulation of heat-denatured protein is also described. 


EXPERIMENTAL 


The egg albumin used in these experiments was prepared from 
fresh hen’s eggs according to the method of Kekwick and Cannan 
(2). After four recrystallizations with sodium sulfate, the pretein 
was dialyzed and then electrodialyzed to a specific conductivity 
of 1.93 X 10-* reciprocal ohms. The solution at this point had 
a pH of 4.72, was water-clear, and the protein was 97.8 per cent 
heat-denaturable. It was preserved with a half and half mixture 
of washed toluene and mineral oil and stored at 2°. 

A Langmuir surface balance manufactured by the Central 
Scientific Company under the trade name of the Cenco Hydrophile 
balance was used in all spreading experiments. Before each 
determination the aluminum tray was cleaned with boiling water 
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and scrubbed with a cloth. A solution of paraffin wax in benzene 
was applied to the hot, dry surface of the tray with a brush and 
allowed to dry and harden. 

Experiments were conducted at room temperature which varied 
between 24-25°. N/150 sodium acetate buffer was used in the 
tray at a pH of 4.90 + 0.05. All pH determinations were made 
with a Coleman glass electrode. The acetate buffer was always 
discarded after 5 hours of use in the tray. 

Before each experiment the surface of the buffer in the tray 
was swept clean with the movable, paraffined barrier, and the 
balance with the mica float set in place. 0.325 ec. of the protein 
solution was then spread on the surface of the buffer from a grad- 
uated, calibrated, 1 cc. pipette. This pipette was clamped ver- 
tically over the surface of the buffer, dipped into the surface, and 
then slightly withdrawn, so that a cone of liquid formed around 
the tip of the pipette. The protein solution was forced out 
gradually by means of a Hoffman screw clamp fitted on an eye 
dropper bulb attached to the top of the pipette. The concentra- 
tion of all spread protein solutions was 0.00887 per cent. 15 
minutes were allowed for spreading after the pipette was emptied. 

Heat-denatured protein was obtained by placing 1.195 cc. of 
0.742 per cent native protein solution in a 50 cc. Erlenmeyer flask, 
adding 20 cc. water and the desired quantity of 0.1 Nn HCl, and 
immersing the flask in a boiling water bath for 10 minutes. The 
flask was then quickly cooled under running tap water and the 
mixture made up to volume in a 100 ce. volumetric flask. All pH 
determinations reported on the spread solutions were made on 
these final, diluted solutions. 

Urea denaturation was accomplished by mixing 1.195 ec. of 
0.742 per cent native protein solution with 2.0 cc. of 50 per cent 
urea solution and allowing the mixture to stand at 2° for 1 week. 
After this time 20 cc. of water were added, followed by the desired 
quantity of 0.1 N HCl, and the mixture was made up to volume 
in a 100 ec. volumetric flask. Again all pH values of spread solu- 
tions apply to the pH of these final, diluted solutions. 

The native protein was spread from an 0.00887 per cent solution 
made up in a N/150 acetate buffer. 


1 Dr. D. R. Briggs of the University of Minnesota suggested this spread- 
ing technique to me. 
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The hydrophilic properties of the spread native proteim were 
studied by means of contact angle experiments. While these 
experiments are not directly concerned with the problem of the 
spreading of denatured protein, they throw some light on the 
structure of spread films in general. The adhesion tensions 
reported were calculated from the contact angles by means of 
the equation 


Adhesion tension = «(1 + cosa) 


where o is the surface tension of water and assigned a value of 72 
dynes per cm. and a@ is the contact angle. The contact angles 
were the angles which a standard sized drop of water made with 
the protein film deposited on a thin microscope cover-glass. A 
contact angle of zero or an adhesion tension of 144 ergs per sq. cm. 
indicates complete wetting, while a contact angle of 180° gives zero 
adhesion tension and complete absence of any tendency to wet. 

The technique of deposition of these films and of measurement of 
the contact angles was as follows: The cover-glasses were attached 
to silk threads and immersed vertically in the buffer in the tray 
through a clean surface. The native protein was then spread on 
the surface of the buffer, and the film pressure adjusted by moving 
the movable barrier. After each pressure adjustment the slides 
were slowly and uniformly withdrawn through the surface film 
until the entire range of pressures had been explored. Deposition 
of the film on the slide was assured by the low angle of contact 
that the film made with the slide and also by a decrease in the area 
of the film on the buffer surface as the slide was withdrawn. The 
deposited films were allowed to dry at room temperature for 2 
hours. A standard sized drop of water was then placed on the 
deposited film and the slide immediately placed in a lantern pro- 
jector and projected on a screen. The contour of the drop was 
drawn and the angles of contact measured for both sides. The 
two adhesion tensions for the two angles were averaged, and these 
averages are reported. As the projected drop was at least 10 
em. in diameter, the angles could be measured with ease. 

The contact angles and the adhesion tensions calculated there- 
from are manifestly not equilibrium values and are of significance 
only on a comparative basis. Experiment showed that the contact 
angles progressively decreased as the drop remained on the de- 








| 
: 


aed 


ek ee 


ee 











588 Monolayers of Denatured Egg Albumin 


posited film. The adhesion tension-film pressure curve (Fig. 4), 
however, maintained its original contour over a number of hours; 
the whole curve shifted to higher adhesion tension values with 
the passage of time. 

It will be remembered that surface-denatured protein, produced 
by shaking native protein solutions at pH 3, occurs partly in a 
coagulated condition (3), and if the shaking is continued long 
enough, the surface-denatured protein will completely coagulate. 
This is in sharp contrast with the behavior of a solution of heat- 
denatured protein at this pH, which will not coagulate however 
long the solution may be heated. Since it has been found possible 
to spread heat-denatured protein, it was considered worth while 
to extend this analogy to surface denaturation still another step 
and to attempt to surface-coagulate a clear solution of heat- 
denatured protein at pH 3.0. Accordingly, 100 ec. of a 0.495 per 
cent native protein solution containing the desired quantity of 
HCl were put in an Erlenmeyer flask and heated in a boiling water 
bath for 10 minutes and cooled. The solution was entirely clear. 
It was divided into four 25 cc. portions, one of which was retained 
as a standard for the dipping refractometric analysis and for 
a pH determination. The other three portions were placed in 
220 cc. glass-stoppered bottles, and nine marbles 1.5 cm. in di- 
ameter were added to each bottle. The stoppers were put in 
place and sealed with melted paraffin wax. The bottles were then 
clamped on the circumference of a wheel 25 cm. in diameter and 
rotated around a horizontal axis at 108 revolutions per minute. 
One bottle was removed at the end of each hour and the contents 
filtered. The clear filtrate was analyzed with a dipping refrac- 
tometer (4), and the found concentration subtracted from the 
original concentration to obtain the amount coagulated. 


Results 


Fig. 1 shows the pressure in dynes per cm. plotted against the 
area per molecule of protein expressed in sq. Angstrém units, the 
molecular area being calculated on the assumption that the molee- 
ular weight of egg albumin is 40,500 (5). The curves for the 
urea- and heat-denatured protein were selected from the experi- 
ments which gave the largest spread areas. This happened to 
be the urea-denatured solution with a pH of 2.23 and the heat- 
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denatured solution with a pH of 2.27. These results were ob- 
tained by allowing ample time for adjustment of the film as the area 
was decreased. For example, the native protein curve required 
5 hours to complete, 15 to 20 minutes pause being allowed between 
readings at the higher pressures. 

If the linear portion of the pressure-area curves be extrapolated 
to zero pressure, an area is obtained which allows the various 
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Area per molecule in sq. Angstrom units 


Fic. 1. Film pressure in dynes per cm. plotted against area in sq. Ang- 
strém units per protein molecule. A curve for heat-denatured protein 
spread from a solution of pH 2.27, X curve for urea-denatured protein 
spread from a solution of pH 2.23, O curve for spread native protein under- 
going compression, @ curve for spread native protein undergoing ex- 
pansion. 


curves to be compared. This extrapolation is without theoretical 
significance and serves simply as a convenient method of com- 
parison. Fig. 2 shows the plot of such an extrapolation of all 
the curves of heat- and urea-denatured protein as a function of 
the pH of the spread solutions (the pH of buffer in the tray was 
always 4.90 + 0.05). The point for the heat-denatured protein 
at pH 4.40 is an approximation, since it was not possible to obtain 
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an extensive pressure-area curve for this very inconfpletely spread 
film. The lack of spreading at pH 4.40 of heat-denatured protein 
is in agreement with the results of Neurath (6) who was also unable 
to obtain spreading at this pH. The areas indicated in Fig. 2 
are expressed in sq.m. per mg. of protein. The area of the spread 
native protein with a value of 1.04 sq.m. per mg. compares favor- 
ably with that of 1.06 found by Philippi (7) and others. The 
maximum spread area for the heat-denatured protein was 0.990 
sq.m. per mg. and that for the urea-denatured protein was 0.987 
sq.m. per mg. The maximum values were obtained from the 
curves shown in Fig. 1. The coefficient of compressibility of all 
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Fic. 2. Area of spread films in sq.m. per mg. as a function of pH of spread 
solution. A heat-denatured protein, X urea-denatured protein. 


the native, heat- and urea-denatured protein films was calculated? 
from the linear portion of the pressure-area curves. A comparison 
of the compressibility of the films of native and heat-denatured 
protein with the pH of the spread solutions as well as with the 
extent of spreading, as shown by the extrapolated areas, failed to 
disclose any relation between these variables. The compres- 
sibilities of the native protein films (twelve values) were, therefore, 
averaged, and the probable error of the mean calculated; this was 
likewise done for the heat-denatured protein (ten values). The 


2 The coefficient of compressibility is defined as —(1/A») (dA/dF), where 
Ao is the area of the film extrapolated to zero pressure, and dA/dF is the 
reciprocal of the slope of the linear portion of the pressure-area curve. 
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averaged compressibilities along with the probable error of the 
means are 0.0157 + 0.0002 em. per dyne for the native protein 
and 0.0160 + 0.000206 cm. per dyne for the heat-denatured pro- 
tein. The difference in compressibility of the two films is not 
significant. 

The compressibility of the urea-denatured film showed a con- 
sistent variation with the extrapolated area of the spread film. 
This relation is shown in Fig. 3. 

Fig. 4 shows the adhesion tension of water for the deposited 
film of spread native protein as a function of the pressure on the 
film at deposition. As emphasized in the experimental section, 
the calculated adhesion tensions are not equilibrium values, and 





0.2 0.4 06 O08 1.0 
Area film in “7m. 


Fic. 3. Compressibilities of urea-denatured film in em. per dyne as a 
function of spread areas of film. 


subsequent checks (the curve was repeated twice) failed to show 
agreement in absolute amounts, but the shapes of the curves were 
in very satisfactory accord, and all the various inflections were 
found to occur at the same film pressures, as indicated in Fig. 4. 
Fig. 5 shows the extent of surface coagulation of a clear solution 
of heat-denatured protein shaken at pH 3 as a function of time of 
shaking. The relation is a linear one and indicates that the rate 
of reaction is independent of concentration and is of a zero order. 
Such a rate of reaction is characteristic of surface reactions when 
the surface is saturated with the reacting materials. The coagu- 
lated protein formed a dense suspension of rather large aggregates 
which could be easily separated from the solution by filtration. 
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Fic. 4. Adhesion tensions of deposited films of spread native protein 
for water as a function of film pressure at deposition. 
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Fic. 5. Per cent of surface coagulation of heat-denatured protein pro- 
duced by shaking a clear 0.495 per cent solution of heat-denatured protein 
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DISCUSSION 


It has been clearly demonstrated that heat- and urea-denatured 
protein can be spread in monolayers, provided the spreading solu- 
tions are adjusted to the proper pH. Since a denatured protein 
molecule fulfils the requirement for spreading, it must possess a 
polar character. Furthermore, the area and compressibility of 
such films closely approximate those for spread native proteins, 
indicating the probability of similar structure for these three com- 
pletely spread forms (see Fig. 1). Neurath (6) has described the 
spreading of native protein as an unfolding of the peptide chain 
on the surface. It is tempting to identify the spread native 
protein with surface-denatured protein produced by the shaking of 
a native protein solution and to postulate an unfolded, asymmetric 
structure common to the surface-, heat-, and urea-denatured 
protein. There is much to be said for this simplifying assumption, 
both for the heat- and urea-denatured protein. For example, 
Williams and Watson (8) report the molecular weight of urea- 
denatured egg albumin to be 21,000 as determined by the ultra- 
centrifuge, assuming a spherical particle. Burk and Greenberg 
(9) found the molecular weight of urea-denatured egg albumin 
to be 36,000 as determined by osmotic pressure measurements. 
The most plausible explanation for this divergence between the 
ultracentrifuge and osmotic pressure measurements is to assume 
a marked asymmetry produced in the native protein upon de- 
naturation. 

The situation is similar with the heat-denatured egg albumin. 
Loughlin (10), as well as other workers, found the viscosity of the 
heat-denatured egg albumin to be larger than that of the native 
protein at the same pH and protein concentration. So far as the 
author is aware, there are only three possible explanations for 
such an increase; namely, (1) association of particles, (2) increased 
hydration, and (3) increased asymmetry of the particle. The 
viscosity of the heat-denatured as well as that of the native protein 
solution is very nearly independent of pH, which would throw 
doubt on the first explanation, since it would be expected that 
association of particles would be greatly affected by pH changes. 
The hydration of heat-denatured protein is less than that of native 
(11), which would rule.out the second suggestion. It is more 
reasonable to believe that the increase in viscosity is due to the 
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production of an asymmetric molecule from the symmetrical, 
native molecule upon heat denaturation. Using the equation of 
Guth (12) for the viscosity of a suspension of disks and substituting 
the concentration-viscosity data for heat-denatured egg albumin, 
we obtain a ratio of the long axis of the molecular disk to that of 
the short axis of 20.6. ‘The same data substituted in the equation 
of Kuhn (13) for the viscosity of a suspension of rods gives a ratio 
of length to diameter of 11.1. While it is not possible to decide 
on the exact molecular structure from such data, these results do 
show the heat-denatured molecule to possess a very asymmetric 
character. 

The idea of the unfolding of the molecule upon denaturation 
is also in accord with the observations of Mirsky and Anson (14) 
that the disulfide and sulfhydryl groups of egg albumin, which are 
undetectable in the native protein, are completely exposed in the 
denatured protein; an unfolding of the polypeptide chain would 
be expected to expose all the sulfur groups. 

The hydrophilic properties should reflect the structural changes 
in the film as it is compressed. These properties have been meas- 
ured by the adhesion tension of water for a film deposited on glass 
slides over a wide range of pressures. These results are shown 
in Fig. 4. The linear portion of the pressure-area curve of spread 
proteins from about 5 to 25 dynes has been described by Philippi 
(7) as a dehydration of the strongly bound water from the film; 
as the film is compressed, water is forced out. Over this range 
of pressures the adhesion tension steadily decreases, which is in 
accord with the idea that dehydration of the film is taking place. 
At the lower pressures, before this dehydration is experienced, 
there occur, however, some very interesting changes. The film 
goes from quite a hydrophilic state at a pressure of 0.5 dyne to 
a distinctly more hydrophobic one at 1.5 dynes. It seems reason- 
able to assume that both the hydrophilic and hydrophobic amino 
acid residues would tend, at low pressures, to lie horizontally on 
the surface, thus giving the peptide linkages the opportunity of 
coming into contact with water. As the pressure is increased 
from 0.5 to 1.5 dynes, the hydrophobic residues are forced out of 
the surface into the air, thus imparting a more hydrophobic char- 
acter to the surface of the film. As the packing is continued up 
to 5 dynes, the film becomes more rigid and certain hydrophilic 
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residues are likewise forced out of the water, probably owing to 
valence angle requirements as the peptide chain is rotated from 
a horizontal to a vertical position. This appearance of hydrophilic 
groups in the upper surface of the film produces an increase in the 
hydrophilic character of the film, as is shown by changes in the 
adhesion tension. This assumption of orientation of the amino 
acid residues at low pressures is not in accord with explanation 
given by Philippi, who considers this portion of the curve to be 
characterized by a dehydration of the loosely bound water without 
orientation of the amino acid residues. Philippi (7) considers 
that surface potential measurements support his view. They 
would also support the view that orientation of the residues takes 
place at the low pressures; no doubt there is also some dehydration. 
Mitchell’s (15) results with spread films of insulin, zein, and gliadin 
confirm the idea that orientation of the side chains takes place at 
low pressures. 

It is questionable whether the smaller areas found at pressures 
above 25 dynes have any meaning as far as the structure of the 
film is concerned. Philippi (7) considers that protein is being 
forced out of the film above these pressures. If this were all that 
was happening, it would be expected that the film pressure would 
increase only slightly as the film area was diminished. Actually, 
however, as is shown in Fig. 1, at about 30 dynes pressure there is 
a considerable upswing of the pressure exerted by the spread native 
film (increasing pressure curve). It is well known that these 
highly compressed films are very viscous, and it is difficult to 
be certain that equilibrium film pressures are being measured; 
however, extended time was allowed for the film to come to equi- 
librium, and subsequent experiments (repeated four times) testified 
to the reality of the upward swing of the pressure-area curve. 
The adhesion tension studies also indicate certain structural 
changes in the film at these high pressures. It is clearly evident, 
if the reality of the higher pressure measurements be granted, 
that the area per amino acid residue is much too small for the 
peptide chain to lie flat on the surface with the amino acid residues 
oriented vertically both below and above the plane of the surface, 
however tightly packed they may be, since the area per molecule 
is much less than the sum of the average cross-sectioned areas of 
the residues, even though the residues are arranged alternately up 
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and down along the peptide chain. There must be a folding or 
crumpling of the entire peptide chain or of the film as the pressure 
is increased above 25 dynes. The hydrophilic properties of the 
film remain more or less constant at from 25 to 31 dynes. Beyond 
31 dynes the film suddenly becomes more hydrophobic and con- 
tinues to become progressively more so up to the rupture point. 

Upon decreasing the pressure on this highly compressed film, 
considerable hysteresis is found. The compressibility, however, 
of this decreasing pressure curve (Fig. 1) is 0.0161 cm. per dyne, 
while that of the increasing pressure curve (Fig. 1) is 0.0164 cm. 
per dyne. This suggests that the two films have the same struc- 
ture and that Philippi’s explanation that protein is forced out of 
the film at higher pressures is at least partly right. In fact, by 
comparing the areas of the two films found by extrapolating the 
linear portions of the curves to zero pressure, it is found that about 
30 per cent of the material in the film has been lost; the upward 
swing of the pressure-area curve at higher pressures is still un- 
accounted for, and it may be that the protein remaining in the 
film is folded up. The compressibilities of the spread native film 
undergoing compression were calculated over the entire range of 
pressures. Such calculation shows a minimum compressibility 
at 14 dynes with a sharp increase starting at 18 dynes and con- 
tinuing to 29 dynes, at which point there again occurs a con- 
siderable decrease in compressibility which continues up to the 
rupture point. This again indicates structural changes in the 
films at high pressures. 

As noted in the section on results, the compressibilities of both 
the native and heat-denatured proteins in compressed spread 
films are, within the experimental error, the same and also they 
are independent of the extent of spreading. This is taken to mean 
that compressed spread films of native and heat-denatured pro- 
teins have identical structure, and this structure is independent 
of the spread area. This indicates that where lack of spreading 
for native or heat-denatured protein is observed, the real reason 
for lack of spreading is that part of the material has been lost in 
the underlying buffer solution. The compressibilities of the urea- 
denatured films showed a peculiar dependence on the spread area 
(Fig. 3); the film being in general more compressible the smaller 
the spread area. If the linear portion of the pressure-area curves 
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reflects a dehydration of the film, this increase of compressibility 
would mean a more easily dehydrated film at the smaller areas. 
Since at maximum spread areas the compressed, spread native, 
urea-denatured, and heat-denatured films are so nearly alike as 
far as their spread areas and compressibilities are concerned, 
these three maximum spread films are probably identical. The 
increase of the compressibilities of the urea-denatured film with 
decreasing spread areas may mean that some urea remained in the 
incompletely spread film which, along with water, is forced out 
of the film as the pressure is increased, giving rise to a greater 
compressibility of the film. 


SUMMARY 


1. A technique has been described for spreading urea-denatured 
and heat-denatured egg albumin in monolayers on a N/150 sodium 
acetate buffer at pH 4.9. The important point is to spread the 
denatured protein from a solution having the proper acidity. 

2. Films of native, urea-denatured, and heat-denatured egg 
albumin have been studied with a Langmuir surface balance in 
respect to their compressibility and spread area. Under optimum 
conditions for spreading the properties of the urea- and heat- 
denatured films approximate very closely those of the spread 
native film, and the suggestion is put forward that surface-de- 
natured (spread protein), urea-denatured, and heat-denatured 
proteins are structurally very similar and represent an unfolding 
of the native protein molecule in the form of an asymmetric polar 
molecule. Evidence is presented for believing that both urea- 
and heat-denatured proteins in clear aqueous solution are also 
very asymmetrical and are unfolded forms of the native molecule. 

3. The compressibilities of the compressed spread native and 
heat-denatured protein films are found to be, within experimental 
error, the same. The compressibilities of monolayers of these 
spread native and heat-denatured proteins are independent of 
extent of spreading and of the pH of the solution being spread. 


* The compressibilities, as calculated in this paper, apply to the compres- 
sibilities of the contracted films at zero pressure. As can be seen from 
Fig. 1, there is some difference between the extended films of spread native 
protein, heat-denatured protein, and urea-denatured protein but at higher 
pressures these three films compress to a very similar structure. 
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The compressibilities of film of urea-denatured protein are found 
to be a function of their spread area; in general, the poorer the 
spreading, the greater is the compressibility. 

4. The hydrophilic properties of the air side of films of spread 
native protein have been investigated by means of contact angle 
studies on the protein films deposited at various film pressures on 
glass slides. The changes of the hydrophilic character of the film 
with increasing pressures have been related to the orientation of 
the amino acid residues and to a dehydration of the film. 

5. It has been found possible to surface-coagulate heat-de- 
natured egg albumin by shaking a clear solution of heat-denatured 
protein. 
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THE COMPOSITION OF ELASTIN* 


By WILLIAM H. STEIN ann EDGAR G. MILLER, Jr. 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, July 13, 1938) 


Elastin is one of the prominent fiber proteins in the body, yet 
one of the least well known. Very little work has been done upon 
its chemical and physical characterization since the early work of 
Richards and Gies (1) in their study of ligament, of Abderhalden 
and Schittenhelm (2), who accounted for 61 per cent by weight of 
the amino acids in elastin, and of Kossel and Kutscher (3), who 
studied the basic amino acid content. It seemed probable that 
application of some of the more recently developed methods in 
protein chemistry might yield interesting information. 


EXPERIMENTAL 


Elastin was prepared from the ligamentum nuche of the ox, by 
the method of Richards and Gies (1) modified in certain details. 
The use of saturated Ca(OH)s, recommended by them, was 
avoided, to obviate the possible destructive action of this reagent. 
The ligaments were obtained fresh from the slaughter-house, freed 
as completely as possible from adhering tissue, and passed through 
a meat grinder in successive stages from the coarsest to the finest 
knife mesh. The resulting material was reduced to a powder by 
mixing with solid carbon dioxide and passing through a large 
machine feed grinder, whereby it remained frozen throughout the 
grinding process. 

This crude material (400 gm., dry weight) was successively 
extracted in the cold with 5 per cent NaCl solution, cold water, 
and M/15 phosphate buffer, pH 8.0. The extractions were made 


* This report is from a dissertation submitted by William H. Stein in 
partial fulfilment of the requirements for the degree of Doctor of Phi- 
losophy in the Faculty of Pure Science, Columbia University. 
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at temperatures below 10° to avoid denaturation of unextracted 
proteins which would thereby be rendered difficult to remove at 
subsequent stages of the procedure. These extractions were re- 
peated in each case until the supernatant liquid gave a negative 
biuret test for two successive extractions. The removal of mucoid 
by the buffer was followed, as well, by the Molisch test. After 
all soluble protein material had been removed from the elastin by 
the above solvents, the collagen was removed by continuous ex- 
traction with boiling water, with frequent changes of solvent, 
until the extracting fluid gave no biuret reaction after two suc- 
cessive extractions. This last procedure frequently required 10 
to 14 days. 

To remove fats ten to eleven extractions with 1 liter portions 
of boiling alcohol were made; in the final extractions the amount 
of residue (20 to 40 mg.) obtained on evaporation no longer 
showed a tendency to decrease progressively. The material was 
then washed twice with acetone and dried in a vacuum desiccator. 
From 400 gm. of ligament 153 gm. of elastin were obtained, a 
yield of about 38 per cent. 

On analysis Sample 1 gave C 52.4, H 7.2, N 17.1,8 0.17, and 
ash 0.22. Another sample (No. 2) of elastin prepared in the same 
manner gave C 52.6, H 7.1, 8 0.15, and ash 0.25. 

As a further check upon the method, a small sample of elastin 
was prepared by a different procedure. Trial experiments with 
the above samples indicated that elastin is entirely insoluble in 
boiling 40 per cent urea, while the other proteins of the tissue 
appeared to be soluble (4). Powdered ligament was boiled, with 
frequent changes of solvent, with about 50 times its weight of 40 
per cent urea solution for 4 to 6 days. The extractions were 
repeated until the extract gave no Molisch test, and no precipitate 
with phosphotungstic acid. The sample was defatted with boil- 
ing alcohol, washed with acetone as before, and dried. 

On analysis Sample 3 gave C 52.2, H 7.1, 8 0.16, and ash 0.20. 

The agreement of the analytical figures for the three prepara- 
tions, coupled with additional physical evidence to be presented 
later, made it appear likely that a protein of reasonably constant 
composition and properties could be prepared by these meth- 
ods. Sample 1 was used for all work on elastin unless otherwise 
specified. 

Microscopically the elastin appeared homogeneous. It. still 
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retained its fibrous character. The fibers, when wet, were elastic; 
on stretching they acquired marked birefringence under a polariz- 
ing microscope. 


Characterization 


Color Tests—The following results were obtained with the 
various color tests: the Molisch, negative after 4 hours; xantho- 
proteic, faintly positive; Millon, negative; Hopkins-Cole, nega- 
tive; alkaline plumbite, no blackening; nitroprusside (with and 
without cyanide), negative. 

Solubility—The solubility of elastin in water, m/300 sodium 
acetate, and m/300 acetic acid, of pH approximately 5, 7, and 
3.6 respectively, was determined by rotating bottles containing 
200 cc. of the solutions and 25 mg. of protein samples in a ther- 
mostat at 25° for 40 hours. The solubility ranged from 0.03 mg. 
of nitrogen in the acetic acid to 0.01 mg. in water, corresponding 
to 0.9 and 0.3 mg. of protein per liter. The solubility of elastin 
was also qualitatively tested in the following solvents: 20 per 
cent HCI, 25 per cent H.SO,, 20 per cent NaOH (cold), n HCl, 
N H-SO,y, N NaOH, formic acid, acetic acid (glacial and dilute), 
90 per cent phenol, lithium bromide (concentrations 7 gm. and 
1 gm. per 10 cc. of water) up to 2 weeks boiling, zine chloride, 
Schweitzer’s reagent. With the exception of the strong acids and 
alkalies, the solubilities were determined at boiling temperatures 
as well as in the cold. In all cases the biuret test was nega- 
tive in the extracts, and there were no indications of dispersion or 
solution. 

In view of the strikingly low solubility of the preparation in all 
these liquids it seemed highly improbable that any contaminating 
protein material could be present in our sample. Such material 
if present in appreciable amounts should be extracted by such 
solvents as boiling saturated lithium bromide, formic acid,' or 
90 per cent phenol. 

In order to test further the homogeneity of our preparations 
quantitative recovery experiments from a number of reagents at 
room temperature were performed (see Table I). 


' Although elastin appears to be insoluble in cold 90 per cent formic 
acid, it is completely dissolved by this reagent in less than 24 hours at 
95-100°. 














602 Composition of Elastin 


As a criterion of identity and homogeneity of solid substances 
insoluble in most solvents, the refractive index should prove 
useful. The refractive index of four elastin preparations (three 
of ours and one prepared by Richards and Gies (1)) and of samples 
of the elastin recovered from the treatments recorded in Table] 
was determined by the Becke line method. The value in all 
eases was 1.532 + 0.002. That of phenol-treated elastin is 
higher than 1.6. 

The isoelectric point was determined on a finely powdered 
material by cataphoresis in a cell of the Kunitz-Northrop type as 
modified by Abramson (6). M/300 acetate buffers were used, 


TABLE I 


Recovery in Solubility Experiments 








Reagent | Sample | Recovered Time 

7, «a | =. | - | oo 
Formic acid mixture (5) (50 25 51 51 19 
ec. formic acid, 98%; 12 ce. | 56 SS | 11 
absolute alcohol; 1 ec. alco- | | 55 53 | 3g 
holic HCI, 25%) 53 51 161 
5% H.SO, 100 100 100 | 25 
5% NaOH 100 101 % | 24 








and the pH was determined with the glass electrode. The iso- 
electric point was found to lie at pH 4.18 + 0.03. 
Elastin is slowly digestible by the enzymes pepsin and trypsin. 


Analysis of Hydrolysates 


Amino Nitrogen—The ratio amino N to total N was found to 
reach a constant maximum after 16 hours hydrolysis with boiling 
20 per cent HCl. The amino N was determined with KI in the 
acetic acid according to the modification of Kendrick and Hanke 
(7). 2 cc. of a hydrolysate containing 0.32 mg. per cc. of total 
nitrogen? were taken for analysis. The amino N was 0.268 mg. 
per cc., making the ratio amino N to total N = 0.84. 

Amide Nitrogen—10 ce. of a hydrolysate, corresponding to 
9.36 mg. of protein, were made alkaline with saturated NazCOs, 


? All nitrogen determinations, unless otherwise specified, were made by 
the micro-Kjeldahl method. 
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and the ammonia was aspirated into N/70 acid. 0.38 mg. of N 
was found, making the amide nitrogen 0.04 per cent by weight of 
the elastin used (0.23 per cent of total N). 

Basic Amino Acids—An attempt was made to determine argin- 
ine, histidine, and lysine, by the method of Block (8). From 2.36 
gm. of elastin, arginine was isolated as the flavianate (S 6.7, 
calculated 6.6). The yield, 46.4 mg., corresponds to 16.5 mg. of 
arginine. After correction for aliquots removed, and for the 
solubility of arginine silver, the figure for arginine becomes 1.0 
per cent.’ 

It was not found possible to isolate any histidine. The solution 
after decomposing the silver precipitate gave a very faint Pauly 
test. Control experiments indicated that the amount of histidine 
necessary to give approximately the same color would amount to 
less than 0.05 per cent by weight of the sample taken. Inasmuch 
as the solution gave a faint blue color with the Folin phenol rea- 
gent, it is possible that slight traces of tyrosine were present. In 
any case, we are forced to conclude that histidine is not present. in 
measurable quantities. 

It was not found possible to isolate pure lysine picrate from the 
phosphotungstate precipitate. The picrate obtained melted with 
decomposition over a range of 185-195°. Lysine picrate melts 
at 262°. Subsequent experiments indicated that elastin contains 
large amounts of proline, which would be expected to contaminate 
both the phosphotungstate and picrate precipitates. Recrys- 
tallization of the phosphotungstate was of no avail. 

Proline—10.0 gm. of elastin (dry weight) were hydrolyzed by 
boiling for 16 hours with 100 cc. of 1:1 HCl. The excess HCl was 
removed in vacuo. The solution was filtered and the proline was 
determined according to the method of Bergmann (10). The 
amount of proline rhodanilate obtained was 7.866 gm. and had 
the correct. composition. 

Analysis—(C,eHiNSiCr)(CsH,00.N)-H,O 

Calculated. C 41.7, H 4.3, N 16.2 
Found. "G4" 43° Bo 


This corresponds to 1.49 gm. of proline, or 14.9 per cent proline 
by weight. A 5 per cent correction for the solubility of proline 


* A determination of arginine, kindly made by Dr. Samuel Graff by his 
micromethod (9) with arginase, yielded 0.93 per cent. 
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rhodanilate (as indicated by Bergmann) brings this figure up to 
15.6 per cent. A duplicate determination gave 14.7 per cent, 
average 15.2 per cent. 

Glycine—Glycine was determined by the revised method of 
Bergmann (11, 12). To the filtrate from the proline determina- 
tion 0.5 ec. of pyridine was added. The crystalline precipitate of 
pyridine rhodanilate was filtered off, washed with water, and 
discarded. 5 to 10 ec. of concentrated HCl were added to the 
filtrate and washings, and the solution concentrated to a syrup 
in vacuo to remove the excess HCl. The solution was filtered 
and the volume adjusted to about 100 ce. 25 gm. of potassium 
trioxalatochromiate were added, 2 cc. of concentrated HCl, and 
210 ec. of 95 per cent ethyl alcohol, with shaking. The mixture 
was shaken for 6 hours on a shaking machine, left in the refrigera- 
tor overnight, and filtered. The precipitate was washed with 80 
ec. of a mixture of 3 parts of alcohol and | part of 0.1 N HCl, and 
sucked on the filter for 2 or 3 hours. It was then dissolved in 
water and the volume made up to 1 liter. 2 cc. of this solution 
were used for amino nitrogen determination (7). The solution 
contained 500 mg. of amino N, which is equivalent to 2.67 gm. of 
glycine. Experiments on pure glycine solutions indicated that 
the recovery is only 90 per cent. When this correction factor is 
applied, therefore, the figure is raised to 29.7 per cent. A dupli- 
cate analysis gave 29.0 per cent, average 29.4 per cent. 

Glycine determinations were attempted by the methods of 
Rapoport (13) and Town (14). The former method in our hands 
proved unworkable. Rapoport reports 98 per cent yields for the 
oxidation by alkaline permanganate of glycolic acid, and using 
his method finds 31.6 per cent of glycine in elastin. One source 
of error in Rapoport’s method lies in the oxidation of glycolic to 
oxalic acid, which, as shown by Evans and Adkins (15) and con- 
firmed by us, leads to the production of much carbon dioxide. In 
four determinations of analytically pure glycolic acid by alkaline 
permanganate oxidation, according to Rapoport’s directions, we 
could recover only 60 to 73 per cent of it as calcium oxalate. No 
difference in yield with varying lengths of time of oxidation was 
observed. 

In our hands the method of Town (14) consistently gave 98 per 
cent yields from solutions of pure glycine, and from mixtures of 
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glycine and alanine. We find that in pure solutions nitranilic 
acid forms a sparingly soluble compound with histidine and that 
this salt is composed of equimolar quantities of nitranilic acid and 
histidine. 

To 75 mg. of histidine monohydrochloride were added 0.5 cc. 
of 20 per cent HCl, 25 cc. of absolute alcohol, and 150 mg. of 
nitranilic acid in 5 ec. of aleohol. A precipitate formed immed- 
iately, which, after 24 hours in the refrigerator, was filtered off. 
It weighed 123 mg., corresponding to 49 mg. of histidine, or 82 
per cent. 


Analysis*—(CgH 9O2N ;)-Ce(OH)2(NOz)202. Calculated. C 37.4, H 2.85 
Found. * a oe 


Under the conditions outlined above the reagent forms with 
lysine a fine amorphous precipitate which passes through the filter. 
No precipitate is formed with dl-alanine, lleucine, l-aspartic 
acid, l-glutamie acid, dl-serine, /-proline, l-hydroxyproline, dl- 
phenylalanine, and l-arginine. 

In order to ascertain the extent to which the reagent coprecipi- 
tates histidine and lysine with glycine, a mixture having approx- 
imately the same composition as gelatin (10, 16) was made (8.7 
per cent dl-alanine, 7.1 per cent /-leucine, 3.4 per cent l-aspartic 
acid, 5.8 per cent /-glutamic acid, 0.4 per cent dl-serine, 19.7 per 
cent l-proline, 14.4 per cent /-hydroxyproline, 1.4 per cent dl- 
phenylalanine, 9.1 per cent l-arginine, 0.9 per cent [-histidine, 
and 5.9 per cent /-lysine). A solution of 2.138 gm. of this mixture, 
with 3.3 cc. of concentrated HCl, was diluted to a volume of 25 ec. 
with water. 

To 79.4 mg. of glycine were added 2 cc. of the above solution 
(equivalent to 171 mg. of amino acids), 2 ec. of water, 30 ec. of 
absolute alcohol, and 300 mg. of nitranilic acid in 5 ec. of absolute 
aleohol. A fine precipitate formed at once. No immediate 
precipitation occurred when 2 cc. of the same solution, without 
glycine, were similarly treated. Both solutions were placed in 
the refrigerator overnight, at the end of which time each flask 
contained a precipitate. That from the mixture containing glyc- 
ine weighed 234 mg. (103 per cent of the theoretical amount cal- 


‘ It was essential to mix the sample with copper oxide for combustion 
to avoid explosion. 
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culated for complete precipitation of the glycine, histidine, anu 
lysine, and 116 per cent of that theoretically obtainable from the 
glycine alone). The precipitate from the mixture containing no 
glycine weighed 16.6 mg. (62 per cent of the calculated amount 
for complete precipitation of lysine and histidine). 

Hydroxyproline—9.90 gm. of elastin were hydrolyzed and freed 
from proline as described above. In the filtrate from the proline 
rhodanilate precipitation hydroxyproline was determined ac- 
cording to the method of Bergmann (10). The yield was 140 mg., 
equivalent to 1.4 per cent hydroxyproline. The somewhat 
colored material contained 10.8 per cent N (calculated, 10.5 per 
cent N). Bergmann indicates that there are large losses involved 
in the isolation of hydroxyproline. In the case of elastin, the per 
cent of hydroxyproline is so low that it is difficult to estimate the 
magnitude of the loss. 1.4 per cent is taken as a minimal value. 

Alanine—Abderhalden (2) reported 6 to 7 per cent alanine in 
elastin. Fischer and Abderhalden (17) isolated alanine peptides 
from partial hydrolysates. The elastin used in the first case was 
prepared by the method of Zollikofer (18), which is unsatisfactory; 
in the second case the method of preparation is not reported. In 
the present work an attempt was made to determine it by the 
method of Bergmann and Niemann (12). The method depends 
on precipitation with sodium dioxypyridate, which forms very 
sparingly soluble compounds with alanine, glycine, and proline. 
It was possible, therefore, to use the elastin hydrolysate after 
removal of proline and glycine by the ammonium rhodanilate 
and potassium trioxalatochromiate reagents. The results gave 
no indication of the presence of alanine. We are informed, how- 
ever (Bergmann, private communication), that failure to obtain 
any alanine with the reagent cannot be regarded as conclusive 
evidence for its absence. We therefore wish to leave open the 
question of the presence of alanine. 

Valine—25.4 gm. of elastin containing 4.343 gm. of nitrogen 
were hydrolyzed for 16 hours with 250 ce. of 20 per cent HCl. 
The excess HCI was removed in vacuo, and the remaining chloride 
ion removed with silver carbonate. The silver was removed with 
H2S, and the filtrate concentrated to remove H,S8. A loss of 
3 per cent of the nitrogen was involved in the above procedures. 

The dicarboxylic acids were removed by the method of Jones 
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and Moeller (19). The treatment of the dicarboxylic acid frac- 
tion, which contained 50 mg. of nitrogen, will be described later. 

The main fraction, after being freed from barium with sulfuric 
acid, contained 3.965 gm. of nitrogen. A partial separation of 
the amino acids was effected by the method of Brazier (20). The 
solution was boiled with CuCQ, in excess for half an hour, filtered 
hot, and the excess CuCO,; thoroughly washed with hot water. 
The filtrate and washings were concentrated in vacuo, and then on 
the steam bath to dryness. The sticky copper salts were gran- 
ulated by grinding with acetone, filtered, dried in vacuo over CaCl, 
overnight, and in the oven at 110° for 2 hours. 

The thoroughly dried copper salts were stirred mechanically 
with three 250 cc. portions of water for 45 minutes each, the mix- 
ture being centrifuged after each extraction. The combined 
water extracts were concentrated to dryness and granulated as 
before. On reextraction with water, a small amount of insoluble 
material was removed and added to the fraction of insoluble 
copper salts. ‘The water extract contained 3.15 gm. of nitrogen, 
leaving 850 mg. of nitrogen in the insoluble fraction. 

The water-soluble fraction was freed of copper with H,S in 
HCl solution and the pH adjusted to 2.5 to 3.0 with HCl. 750 mg. 
of flavianic acid were added, and the bulk of the arginine removed 
as flavianate in the usual way. Proline was next removed with 
ammonium rhodanilate, as already described. The yield was 
17.00 gm. of proline rhodanilate, equivalent to 3.23 gm. of pro- 
line, or 13.4 per cent with the 5 per cent correction factor. Pre- 
vious determinations directly on a hydrolysate had yielded 15.1 
per cent corrected. Hence the losses up to this point in this frac- 
tion amount to 11 per cent. 

After removal of excess reagent in the usual manner the chloride 
ion Was removed with AgeCOs; and the solution concentrated in 
vacuo to remove the ammonia and pyridine. The solution was 
acidified strongly with HCI, concentrated to a syrup to remove the 
excess, and 3 cc. of concentrated HCl added to a volume of 300 
ee. 100 cc. of 20 per cent phosphotungstic acid in 0.1 N HCI were 
added to the solution in the cold. The solution was then heated 
to boiling and allowed to cool slowly. The supernatant fluid gave 
no further precipitate with phosphotungstic acid. The phos- 
photungstate precipitate was allowed to crystallize in the refrig- 
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erator overnight, and then filtered and washed with 5 per cent 
phosphotungstic acid in 0.1 N HCl. The treatment of this frac- 
tion, the “‘lysine fraction,” will be described later. 

The filtrate from the above precipitation was freed from phos- 
photungstic acid by shaking out with amyl] alcohol-ether in the 
usual way, and evaporated to a syrup to remove excess HCl. 
Glycine was removed in the manner already described. The 
glycine precipitate contained 1160 mg. of amino N, which cor- 
responds to 6.20 gm. of glycine, or 24.4 percent. On addition of 
the usual 10 per cent correction factor, the figure is raised to 27 
per cent. This is an 85 per cent recovery based on the figure of 
29.4 per cent obtained originally. 

The dark colored solution now contained, in addition to amino 
acids, much potassium chloride derived from the potassium triox- 
alatochromiate, and small amounts of both the proline and glycine 
reagents. These were decomposed with excess of baryta, and the 
precipitated Cr(OH); and BaC,.O, removed. The barium was re- 
moved with H.SO,. The amino acid hydrochlorides were taken 
up with alcohol, the KCI filtered off, and the chloride removed 
from aqueous solution with AgeCOs. 

The water-clear, faintly acid solution was concentrated to a 
small volume in vacuo, and hot aleohol added. Crystalline mate- 
rial separated out and, after 24 hours in the refrigerator, was 
filtered off. The crystals were shiny plates which weighed 2.8 gm. 
and melted at 297° with decomposition (uncorrected). Valine has 
a melting point of 315° with decomposition (corrected). 


Analysis—CsH,,O.N. Calculated. C 51.2, H 9.5, N 12.0 
Found. ** 50.3, ‘* 9.6, ‘* 12.9, ash 0.5 


The material had an [a], = +3.25° in water; for valine [a], 
= +6.25°. The nitrogen value did not change on recrystalliza- 
tion. The phenylhydantoin crystallized in long needles from 
ether-petroleum ether; melting point 128-130° (corrected), with 
preliminary sintering. The melting point of active valine is 
131-133° (corrected)(21), while that of inactive valine is 124° 
(22). The substance contained 12.6 per cent N; calculated for 
CywHyO2Nes, 12.9 per cent N. The substance was dissolved in 
N NaOH and allowed to remain for 48 hours at room temperature 
in order to racemize it. On acidifying and recrystallizing from 
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ether-petroleum ether, a substance was obtained which melted at 
163-164° (corrected). Phenylureido-dl-valine melts at 163.5° 
(corrected). This substance contained 11.9 per cent N; calculated 
for CyHyO2Ne, 11.9 per cent N. On boiling for 5 to 10 minutes 
with 20 per cent HCl, the dl-valine phenylhydantoin was obtained, 
m.p. 124°. Evidently racemization was followed, in this case, by 
ring opening to yield the hydantoie acid. 

The product thus appears to be a partially racemized valine. 
The amount of valine, corrected only for known aliquots re- 
moved, was 11.5 per cent. If an additional correction factor, 
derived from the known losses involved up to the glycine pre- 
cipitation (which was only 85 per cent of the previously deter- 
mined amount) be added, the percentage is raised to 13.5. 

The filtrate from the valine precipitation contained about 0.3 
gm. of N. The amino acids were isolated by reprecipitating with 
alcohol from neutral solution. The products proved to be mix- 
tures, having similar properties. 

The analysis of the precipitates gave C 42.5, H 8.2, N 13.6, m.p. 
228-242°; the substance decomposed with effervescence. 

It was not found possible to resolve the mixture by fractional 
crystallization of the free acids or their phenylhydantoins. The 
low melting point with effervescence recalls serine. An attempt 
was made to establish the presence of serine by converting it to 
pyruvic acid phenylhydrazone under the conditions of Bergmann 
and Delis (23), but none could be isolated. As in the case of 
alanine the question of the presence of serine must therefore be 
left open. 

Aspartic and Glutamic Acids—The alcohol-insoluble barium 
salts, the precipitation of which was described earlier, were taken 
up in water and freed of barium with H,SO,. To the hot solution 
(25 ce.) containing 50 mg. of nitrogen, 300 mg. of cupric acetate 
were added. No crystals of copper aspartate separated even 
after the solution was concentrated to 10 cc. and left in the re- 
frigerator for 5 days. Elastin, therefore, appears to contain no 
aspartic acid. 

Accidental loss of material prevented further attempts to isolate 
glutamic acid. Abderhalden and Schittenhelm (2) reported 1.74 


. per cent pyrrolidonecarboxylic acid and 0.76 per cent glutamic 


acid. In terms of glutamic acid this would be about 2.7 per cent 
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glutamic acid, a figure which is compatible with the nitrogen in 
our fractions. 

Lysine—The phosphotungstate precipitate was suspended in 
water, acidified, and extracted with amyl alcohol and ether. The 
solution contained. only 37.5 mg. of nitrogen. An attempt was 
made to precipitate lysine as the monohydrochloride from alcohol 
with the aid of aniline. No precipitate could be obtained; nor was 
it possible to obtain any picrate. Lysine, if present at all, can 
comprise only a fraction of 1 per cent of the elastin molecule. 

Leucine Fraction—This fraction, containing 850 mg. of nitrogen, 
is represented by the water-insoluble copper salts. Preliminary 
experiments indicated that the fraction was a mixture of at least 
two amino acids, probably more. Abderhalden and Schittenhelm 
(2) reported and Engeland and Biehler (24) confirmed the presence 
of leucine and norvaline. Kapeller-Adler (25), using her colori- 
metric method, has reported the existence of 3.34 per cent of 
phenylalanine. All of these amino acids form insoluble copper 
salts, and should, therefore, be present in the leucine fraction. 
Several attempts to resolve the mixture were without success. 
We were able to effect a partial separation of what appeared to be 
leucine and norvaline by means of the zine salts. After the copper 
salts were freed o1 copper and inorganic ions, the solution was 
boiled for half an hour with freshly precipitated Zn(OH):. The 
mixture was evaporated to dryness on the steam bath, granulated 
to a powder with acetone, dried in vacuo and in the oven at 110°, 
and extracted with water. After removal of inorganic ions from 
the water solution of zinc salts, it was possible, with alcohol as a 
precipitant, to obtain a 3 per cent yield of semicrystalline material, 
which contained 11.82 per cent of nitrogen (calculated for norva- 
line, 11.96 per cent). From the water-insoluble zinc salts a frac- 
tion, about 2 per cent of the total protein, was obtained having 
10.76 per cent nitrogen (calculated for leucine, 11.69 per cent). 
The products, however, were obviously mixtures. The phenyl- 
hydantoin of the “norvaline’’ melted at 123-129°. Active nor- 
valine phenylhydantoin melts at 112° (26), inactive at 102° (27). 

The yields by the zinc salt procedures were very poor. With 
the methods at present available, it appears impossible to ap- 
proach a quantitative separation of a mixture such as this. We 
are unable, therefore, to add much to the existing knowledge 
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concerning the composition of this fraction, which accounts for 


about 30 per cent of the elastin. 
Tyrosine and Tryptophane—The method of Lugg (28) as 


adapted by Brand® for the use of the photometer gave tyrosine 


1.63 per cent and tryptophane 0.0 per cent. 
Sulfur Distribution (See Table I1)—The Folin photometric 
determinations were carried out as described by Kassell (29). 


TABLE II 


Distribution of Sulfur in Elastin* 


Methionine Cystine 
Elastin s 
. . | rolati | Sulfate S 
hydrolyzed } pe Homocysteine} Baernstein | Photometric 
onetived | titration method Folin method 
mg per cent per cent per cent per cent per cent 
735 0.38 0.48 0.20 0.019 
720.5 0.38 0.30 0.265 0.026 
957.4 | 0.22 
Average..... 0.38 0.39 0.23 | 0.02 
Sulfur Recovery 
per cent 
Methionine 8...... 0.08 
Cystine 8 0.06 
Sulfate “.... 0.02 
Total S.... tusktae oe 0.16 
0.16 


Pregl method............. 


* The authors wish to express their thanks for the aid given by Miss 
Beatrice Kassell and Dr. E. Brand in the determinations performed by 
their modification of the methods of Folin and Baernstein. 


The determinations by the Baernstein method (30) were carried 
out according to the modification of Kassell and Brand (31). 
DISCUSSION 


The analytical results are summarized in Table ITI. 
Bergmann has recently shown (10, 12, 32, 33) that the amino 
acids in certain proteins bear simple numerical relationships to 


* Brand, E., private communication. 
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one another, and on the basis of these findings has formulated 
his “frequency theory.” 

There are present in elastin only five amino acids for the deter- 
mination of which simple, accurate, reproducible methods are 
available—glycine, proline, arginine, cystine, and methionine. 
If the percentages of these amino acids are referred to agm. 
molecular basis, it will be seen (Table IV, Columns 4 and 6) that 
they bear a simple numerical relationship to one another. 


Taste III 
Amino Acids in Elastin 
Amino acid Per cent by weight 

Glycine 29.4 
Alanine........ None found 
Valine........ 13.5 
Aspartic acid.... 0.0 
Arginine..... ; te 1.0 
Lysine....... None found 
Histidine......... | 0.0 
Cystine....... 0.23 
Methionine... 0.38 
tees snk en’ 1.6 
Tryptophane.... ' : 0.0 
SS a ae : 15.2 
Hydroxyproline 2.0 
“Leucine fraction’’ 30.0 
Phenylalanine*..... | 3.34 
CO 0.04 

Total....... ‘are 85.0 





* From data of Kapeller-Adler (25). 


The average molecular weight of the amino acids liberated on 
the complete hydrolysis of elastin was estimated to be about 104. 
In the estimation of the average molecular weight of all the amino 
acids, the percentages of the amino acids for which no good 
analytical methods are available (leucine, norvaline, alanine, and 
serine) were calculated from the per cent nitrogen in the impure 
material isolated from the various fractions. From this it follows 
that the average residue weight is about 86, and it can be calcu- 
lated that 100 gm. of elastin would yield 1.16 gm. molecules of an 
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average amino acid on complete hydrolysis. On considering the 
values in Column 4, Table IV, one finds that the amino acids 
listed comprise 1/3, 1/9, 1/192, 1/576, and 1/576 of all of the 
constituent amino acids. 

In addition it may be pointed out that the value for valine, 
which is not listed in Table IV, comes reasonably close to making 
the ratio proline to valine 1:1. Actually it is 1.0:0.87, a satis- 
factory agreement considering the inevitable losses in the isolation 
method. Hence, when more accurate determinations of valine 


TasBLe IV 
Ratio of Amino Acids in Elastin after Hydrolysis 


Gm. molecule per) No.of | Bret? 


Weight 100 gm. protein | residues | residues 
Amino acid Mol. wt. renee ones 

| Found | =~ Found | pater Ratio md 

(1) > | @) (4) (5) 6 | «@ 
; q per cent on ent 

Glycine 75 | 29.4 | 29.4 | 0.392 |0.392 | 192 3 
Proline 115 | 15.2 | 15.0 | 0.132 | 0.131 64 9 
Arginine 174 1.0 1.06 | 0.005, |0 006, 3 192 
Cysteinet 121 0.23 | 0.24 | 0.001, | 0.002, 1 576 
Methionine 149 0.38 | 0 30 | 0.002, | 0.002, 1 576 











* Base = 0.392 gm. molecule of glycine; 0.131 gm. molecule of proline. 
t The cystine sulfur has been calculated as cysteine. 


become possible, it may be found that it too comprises one-ninth 
of all the amino acids in elastin. 

Examination of Columns 6 and 7 leads to the conclusion that 
elastin must contain 576 amino acid residues or some whole 
multiple thereof. When the number of units is multiplied by the 
average residue weight (86), it is found that elastin has a minimum 
molecular weight of about 49,500. 

It may be pointed out that the ratios of amino acids in elastin 
fall into the series 2"3", and the number of amino acid residues 
(576) is the same as Bergmann and Niemann (32) found for hemo- 
globin and fibrin, and twice 288, the number of residues found in 
egg albumin. Thus we have in elastin another protein which fits 
the “frequency theory” in so far as data are available. 
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Elmer and Scheps (1) in 1935 determined the thyroxine and 
diiodotyrosine iodine in a series of thyroid glands from the hu- 
man fetus and the new-born. The thyroxine iodine values 
ranged from 0.4 to 9.0 mg. per cent (dry gland) in ten cases, while 
the total iodine values varied from 1.3 to 20.5 mg. per cent (dry 
gland) in seven cases. The thyroxine constituted from 26 to 69 
per cent of the total iodine. Of the eleven thyroxine iodine values 
given, nine were obtained by the method of Harington and Randall 
(2) and two by Elmer’s (3) modification of the method of Leland 
and Foster (4). No total iodine values were given for the latter 
two, so the ratio of thyroxine iodine to total iodine could not be 
calculated. 

For reasons given elsewhere (4) we believe that the thyroxine 
values obtained by the method of Harington and Randall include 
a part of the diiodotyrosine present in the gland and are higher 
than the true value. We have therefore redetermined the thy- 
roxine iodine values of a series of new-born and fetal thyroids, 
employing an adaptation of the method of Leland and Foster. 


Method 


It was necessary to resort to microtechnique for the determina- 
tion both of thyroxine and of total iodine. The microadaptation 
of the method of Leland and Foster, devised by Foster (5), was 
used in obtaining the thyroxine values. Analyses, both for thy- 
roxine I and total I, were carried out in duplicate. The thyroid 
gland material was dried initially at from 78-80° and brought to 
constant weight at 60°. Samples of from 25 to 50 mg. were hy- 
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drolyzed for 18 hours with 4 cc. of 2 N NaOH in a 2 N H.SQ, bath. 
The tubes in which the hydrolysis was carried out were constricted 
near the bottom to form a bulb of 5 ce. capacity instead of 2 ce., 
as described by Foster, since our samples were considerably larger 
than his. An effort was made to keep the ratio of alkali to gland 
material as nearly like that in the macromethod as possible. 

After cooling, sufficient 2 N NaOH was added to bring the level 
up to the constricted part of the tube. The thyroxine was then 
extracted from the alkali by being shaken twice with an equal 
volume of butyl alcohol. The butyl alcohol fractions were with- 
drawn, in turn, by means of suction through a microsiphon into 
a second similar tube with a bulb of 10 cc. capacity. The com- 
bined extracts were washed with an equal volume of 1 N NaOH 
and centrifuged gently. The butyl alcohol layer was siphoned 
into a 100 cc. digestion flask, while the NaOH was again extracted 
with half its volume of butyl alcohol. After the mixture was 
centrifuged, the alcoholic layer was combined with the original 
butyl alcohol fractions. 

From this point on the method differs from that described by 
Foster. The butyl alcohol was evaporated off under reduced 
pressure and the iodine determined in the residue by the method of 
Trevorrow and Fashena (6). The alkaline residue was dissolved 
in 10 ce. of iodine-free water. 1 gm. of iodine-free potassium 
dichromate, 10 mg. of cerous sulfate, and 10 ec. of chromic acid- 
sulfuric acid were added. The sides of the flask were washed down 
with 15 cc. of redistilled water, a glass bead was added, and the 
mixture was heated to 195°. After cooling to 70°, 20 cc. of water 
were added and the mixture again heated to 195°. The flask 
was again cooled to 70° and the mixture transferred to a 500 ce. 
digestion flask with the aid of 125 cc. of redistilled water. 5 ce. 
of phosphorous acid (Baker and Adamson, reagent quality) were 
added when the mixture had cooled to 50° and the flask was 
immediately connected to the distillation apparatus described by 
Trevorrow and Fashena. We experienced some difficulty in 
obtaining quantitative recoveries by the use of this apparatus. 
Under the following conditions we were consistently successful 
in recovering known solutions of iodine in amounts up to 6 micro- 
grams. We sometimes recovered 12 but never succeeded in 
recovering 25 micrograms (Table I). Because of this condition 
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we were careful in our series to repeat with smaller samples those 
determinations in which the iodine values were found to be above 
6 micrograms. 

A gentle current of alkali-washed air was drawn through the 
apparatus while the digestion mixture was heated to the boiling 


TaBLe | 


Total lodine Recoveries in Known Solutions of Potassium lodide 


Total I present Total I found Recovered 
micrograms micrograms per cent 
1.24 1.22 YS 
1.24 1.30 105 
2.54 2.66 105 
2.54 2.52 oy 
2.54 2.66 105 
2.54 2.63 104 
2.54 2.63 104 
2.54 2.5 100 
2.54 2.57 101 
2.54 2.49 98 
2.54 2.63 104 
2.54 2.49 9S 
6.35 6.07 M6 
6.35 6.29 99 
6.35 5.99 O4 
12.70 12.30 97 
12.70 10.30 81 
12.70 10.60 83 
12.70 12.20 06 
12.70 11.80 93 
25.40 17.50 69 
25.40 19.50 77 
25.40 19.60 77 
25.40 19.60 77 


25.40 21.90 86 


point. The suction was then increased so that the air was drawn 
rapidly through the mixture. The flame was adjusted so that not 
less than 100 cc. (better 110) of distillate were collected in from 45 
minutes to 1 hour. A small thermometer (range 120-180°) was 
suspended from a glass hook in the distillate. Care was taken 
that the temperature did not exceed 140° during the distillation. 
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The distillate was transferred to a 125 cc. Erlenmeyer flask and 
loosely stoppered by a glass bulb with an opening in its side. 
This prevented loss both from spattering and from drying on the 
side of the Erlenmeyer flask. Three glass beads were added and 
the liquid boiled down to 10 or 12 ce. in alkaline solution (5) over 
a steady flame. 1 drop of methyl orange was added, 3 per cent 
H.SO,, until acid, and bromine vapor. Boiling was continued 
very carefully over a low flame with the flask still covered until a 
volume of 4 or 5 cc. was reached. Quantitative transfer was then 
made by means of 6 cc. of redistilled water to a titration tube 12 
em. X 2.5 em. Boiling was continued over a small microburner 
flame until a volume of 2 cc. was reached. The boiling tube was 


TaBLe II 


Comparison between Thyroxine Iodine Values Found by Micro- and 
Macroanalysis of Burroughs Wellcome Thyroid 











Macroanalysis, calculated Microanalysis, found | Recovered 
micrograms aes micrograms : per cent 
3.05 2.98 98 
4.23 3.98 94 
2.36 2.43 103 
2.40 2.52 105 
3.74 3.50 94 
2.23 2.27 102 
2.51 2.45 98 











kept covered by the same small glass bulb used on the flask. After 
cooling, 1 drop of phenol and 2 drops of a solution of KI containing 
10 mg. per drop were added and the solution titrated with 0.001 
N sodium thiosulfate until the yellow color had almost disappeared. 
1 drop of a 1 per cent solution of potato starch saturated with 
sodium chloride was then added and the titration completed. 
A modified Rehberg microburette graduated to 0.001 cc. was used. 
With the titration tube described the very small volume of liquid 
was more readily seen and the disappearance of the blue color 
more accurately judged than is possible when the titration is 
carried out in the 125 ce. volumetric flask in which the first boiling 
is done (as described by Trevorrow and Fashena). In our opinion, 
also, the end-point, which at best is hard to determine satis- 
factorily, is sharper in the presence of | drop of 90 per cent phenol. 
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In Table II are recorded the thyroxine values obtained both 
by micro- and macroanalysis. For our “known substance’ we 
used a commercial preparation of Burroughs Wellcome thyroid 
which had been repeatedly analyzed in two laboratories and found 
to contain by macroanalysis (4) 0.0592 per cent thyroxine iodine. 
It will be seen that the agreement between the two methods is 
satisfactory. Samples varying from 4 to 7 mg. were used for 
analysis. 


Material 


A series of eighteen human thyroid glands collected from Octo- 
ber to May inclusive was obtained for analysis. Two were from 
7 month fetuses, fourteen from still-born infants, one from a 2 
day-old and one from a 12 day-old infant. No data concerning 
the mothers were available and no further data concerning the 
infants, except the weight in the majority of cases. Histological 
examination was made of three representative glands (Cases 13, 
14, and 16). The structure was undifferentiated, without definite 
follicle formation. Little or no colloid was present. Slight hyper- 
plasia was observed in one gland (Case 16) but none in Cases 
13 and 14. 


Results 


The total iodine and thyroxine iodine values obtained for the 
series are collected in Table III. The values obtained from the 
analysis of the gland in Case 8 are exceptionally high. Although 
we have no data on this point, it is possible that the mother had 
received iodine either as a therapeutic agent or as iodized salt, 
which might account for the high results found. This gland has 
been excluded in calculating the averages. The fresh weights 
of the remaining seventeen thyroid glands range from 0.45 to 
3.00 gm. with an average of 1.43 gm. The dry weights vary 
between 0.049 and 0.555 gm. with a mean value of 0.246 gm. 
The thyroxine iodine values for sixteen of the glands range from 
14 to 209 micrograms per gm. of dry weight. In one gland no 
thyroxine iodine was found. The average for the seventeen 
glands was 61 micrograms. The mean content of total iodine is 
254 micrograms, with values ranging from 35 to 654. The thy- 
roxine per cent of total iodine was calculated to be 20.0. 

Our observations confirm those of Elmer and Scheps, and 
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establish the presence of thyroxine in the thyroid gland of the 
fetus and the new born infant. A direct comparison between 
our figures and those of Elmer and Scheps is difficult, since our 
series is made up mainly of term infants and theirs of fetuses 
from 3} to 6 months with only three term infants included. 


Taste III 
Thyroxine lodine and Total lodine in Thyroids of New-Born 




















| Weight of gland | Total iodine | Thytoxine 
> r _ 

a Age 3. . | s. , | el. 
Z ~ is Su | ge cz al 
8 \2\/4| » | | #2 | | 2a | EF 
a le | & E | sF| s* | a" jer 

| tie. | om | om. | Grama | “rams |prame| ame | cn 
1 | 7mo. fetus | 2.80) 0.52 0.0949 | 133| 12.6|29 | 2.8| 21.8 
2/7 © | 4.50 0.64 0.1290 | 242) 31.2|50 | 6.5 | 20.7 
3 | Still-birth | 7.25) 0.80 (0.1617 | 599 | 96.9 149 | 24.1 | 24.9 
4 | o 110.00) 2.20 (0.4181 | 89) 37.2) 14 5.9 | 15.7 
5 | “ 4.75 0.45 0.0494 | 259 12.8) 50 | 2.5] 19.3 
6 ny 2.85 0.5151 | 35) 18.0) 0 0.0} 0.0 
7 | “ 9.50) 2.20 0.3952 | 152) 60.1 | 30 | 11.9} 19.7 
8 e | | 1.20*/0.2303*) 1680* 386.9*469* | 108.0*| 27.9* 
9 | No data 0.70 |0.1119 | 176 | 19.7| 38 | 4.3) 21.6 
10 | Still-birth | | 3.00 /0.5550 | 177 | 98.2 | 33 | 18.3 | 18.6 
ll 2 | 7.50) 0.76 0.1284 | 311 31.9 | 82 | 10.5 | 26.4 
12 * | 8.50) 1.70 /0.2819 | 163) 39.9 32 | 9.0 | 19.6 
13 “ 7.00 1.50 0.2809! 90) 25.31/15 | 4.2/ 16.7 
14 « 9.00| 0.98 0.1594 | 220!| 35.1 | 33 5.3 | 15.0 
15 | No data | 1.10 /0.1962 | 654 | 128.3 209 | 41.0 | 32.0 
16 | Still-birth | 7.50) 1.10 (0.1690 | 352 59.5 | 84 14.2 | 23.9 
17| 2days | 8.00, 1.42 (0.1360 | 524) 71.3 168 | 22.8 | 32.1 
is | 12 “ | | 2.40 0.4029 | 146 | 58.8) 18 | 7.3 | 12.3 
Average...............| 1.43 0.2462 | 254 | 49.2 | 60.8) 11.2 | 20.0 





* Excluded from the average. 


For purposes of comparison we have assembled in Table IV the 
mean thyroxine and total iodine values of our series, those of 
Elmer and Scheps, and of Lelkes (who reports only total iodine), 
all expressed in terms of micrograms per gm. of fresh weight. 

From Table IV it may be seen that our average total iodine 
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values are much higher than those found by Elmer and Scheps. 
For seventeen new-born and fetal thyroids we obtain an average 
of 41 micrograms per gm. of fresh gland, a value 3.5 times that 
found by Elmer and Scheps for their series, and 15 times their 
value for the new-born. In terms of micrograms present in 
the whole gland our value of 49.2 is more than 4 times as great 
as their value of 11.0 for the new-born. Geographical differences 
may account in part for our higher values but it seems improb- 
able that all of the difference may be attributed to this factor. 
Possibly the higher figures may be due largely to the different 


TaBLe IV 
Comparison of Values for Thyroxine and Total Iodine Found by 
Different Investigators 





Mean total iodine Mean thyroxine iodine 





Per gm Per gm. ; 
fresh | In — | fresh In we 
| weight | | weight 





Elmer and Scheps 


Whole series... ' 12.4 | 63 | 44 | 38.1 
New-born : | 2.8 | 11.0 14 | 6.8 
Lelkes | 
Whole series --.| 20.6 | 22.9 
New-born..... Pot. Oe dg 
Palmer, Leland, and Gutman | | 
| 


Whole series 41.0 | 49.2 | 99 | 11.2 


technique employed, that of oxidation by dichromate in acid 
solution followed by aeration of the iodine in a closed system. 

Our thyroxine iodine values are also higher than those of Elmer 
and Scheps. In terms of micrograms per gm. of fresh weight our 
value of 9.9 is seen to be more than twice as high as their whole 
series and 7 times as high as their values on the new-born. In 
comparing the thyroxine iodine present in the whole gland we 
find nearly 4 times as much as for their total series and nearly 
twice as much as for their series on the new-born. This is inter- 
esting in view of the fact that values obtained by the Leland 
and Foster method of analysis tend to be lower than those by the 
Harington and Randall method. 








622 Microdetermination of Thyroxine 


We find the ratio of thyroxine iodine to total iodine to be 20.0 
per cent, a figure not much lower than that found in a series of 
52 normal adults, 25.2 per cent (5). In other words, the ratio in 
new born infants is essentially the same as in normal adults, 
although the absolute amount of thyroxine, per cent of dry weight of 
gland, is much less. Elmer and Scheps find 47.3 per cent of their 
total iodine present as thyroxine, a value more than twice as high 
as ours although within normal adult limits as determined by 
Harington and Randall. 

The total iodine content of the fetal and new-born thyroid has 
been determined many times during the past 40 years. Some 
investigators, particularly in earlier years, report the absence of 
iodine in fetal glands. An adequate survey of the literature has 
been made by Lelkes (7) who made a study of fetal and infant 
thyroids in 1934. Thirty-four cases, ranging in age from a fetus 
of 2.5 months to an infant of 8 months, were analyzed for total 
iodine by Scheffer’s method (8). As may be seen from Table IV, 
Lelkes finds an average of 20.6 micrograms per gm. of fresh thyroid 
gland, about half of the value found for our series. When our 
figures are compared only with those for the new-born included 
in his series, our average is 10 times as high as his. In terms of 
total iodine present in the whole gland we obtain a value about 
2.5 times that for his new-born. The great difference in values 
noted may be attributed chiefly to the different methods employed. 
Results obtained in this laboratory by the use of methods involving 
ashing with alkali and extraction with alcohol were unsatisfactory. 
Recoveries were low, particularly of organic iodine compounds. 
Attempts to recover diiodotyrosine and iodized egg albumin were 
consistently unsuccessful even when the initial ashing tempera- 
ture was carefully controlled by means of a muffle furnace. 


DISCUSSION 


Our data, supported by that of Elmer and Scheps, suggest 
but do not prove an early independent function of the thyroid 
gland in fetal life. Certainly it has been demonstrated that 
thyroxine exists in the thyroid gland as early as the 3rd month. 
Furthermore toward the end of fetal life the percentage of the 
total iodine present as thyroxine iodine is essentially that of adults. 
The actual amount of thyroxine in the gland is low. However, 
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the metabolic requirement of the fetus is small. Therefore it 
seems probable that during most of the fetal life, thyroxine, so 
necessary to normal development and as a metabolic stimulus, 
is derived from the thyroid gland of the fetus and not from the 
mother. 


SUMMARY 


1. Eiguteen thyroid glands obtained from new born infants 
were analyzed for their total and thyroxine iodine contents by 
a microadaptation of the method of Leland and Foster. 

2. The average total iodine content was 254 micrograms per gm. 
of dry weight with a maximum of 654 and a minimum of 35. 

3. The average thyroxine iodine content was 61 micrograms 
per gm. of dry weight with a maximum of 209 and a minimum of 0. 

4. The thyroxine per cent of total iodine was 20.0, substantially 
the same as the value 25.2 found in a series of 52 normal adult 
thyroids. 


The authors wish to express to Dr. G. L. Foster their apprecia- 
tion of his interest and assistance in carrying out the work. 
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Freund and Schwarz (1) in their careful investigation of the pre- 
liminary phases of the chemistry of cevine demonstrated its terti- 
ary character by the formation of a methiodide C.;HygOsN -CHgl. 
Somewhat later Freund (2) confirmed this by the production of 
a crystalline oxide with hydrogen peroxide, and since this is a 
property not exhibited by pyridine or quinoline bases but by 
alkylated piperidine bases or dialkylamines he concluded that 
the nitrogen of cevine may belong to a double ring system such 
as was assumed in dihydroberberine. This suggestion has since 
received some support in the isolation by us (3), from the hydro- 
genated products of the soda lime distillation of cevine, of a base 
CyoHisN which is either an octahydropyrrocoline or octahydro- 
pyridocoline derivative. On attempting to proceed further 
with the degradation of the methiodide by the usual procedure, 
Freund and Schwarz (4) were blocked by the unexpected behavior 
of the base obtained from it with alkali, the so called des-base 
CxsHyOsN. This formula was well established by analysis of 
a number of its salts. However, contrary to what should have 
been expected, it could not be hydrogenated and attempts to pre- 
pare a methiodide were also unsuccessful. The suggestion was 
offered that the so called des-base forms a pseudobase. 

In connection with our own study of the degradation of cevine 
we have had occasion to repeat the preparation and study of the 
base from cevine methiodide. While we have duplicated es- 
sentially the data given by Freund and Schwarz, we have been 
forced to a different interpretation of its nature. The formula 
CxsHwOsN has been confirmed by the analysis of the base itself 
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which separates in anhydrous form from absolute alcohol. Also 
all attempts to demonstrate the presence of a double bond by 
hydrogenation were unsuccessful and no methiodide could be 
prepared from it. In contrast to cevine it is completely insoluble 
in ether. Cevine can be slowly distilled unchanged at very low 
pressures, whereas the des-base shows no tendency to distil. 
The des-base also as shown by Freund and Schwarz forms a 
bicarbonate, while cevine, according to our experience, does not 
form a stable carbonate. The physical and chemical properties 
of this substance suggest that it must be an internal salt or betaine. 

Cevine itself has been shown by Freund to form a potassium 
compound, C2;H«OsN Ke, which is readily decomposed by carbon 
dioxide. Hess and Mohr (5) suggested a somewhat different 
formula for this derivative; viz., C2zxHeOsNK-KOC,H;. The 
possibility that this potassium salt results from the cleavage of 
a lactone group in cevine, as suggested by Macbeth and Robinson 
(6), appears incompatible with the reported analytical results with 
the potassium derivative. An additional mole of water would 
be necessary in the make-up of such a potassium derivative. It 
is also incompatible with the formula derived for the des-base. 
The fact that the des-base separates as such and not as a potassium 
compound as in the case of cevine points to an internal neutrali- 
zation of whatever the negative group is in the latter which forms 
such a potassium salt. An enolic (or phenolic) betaine appears 
to fit best into the general picture. Since the liberation with 
alkali of the quaternary hydroxide itself from cevine methiodide 
does not at once give the crystalline betaine, but only on heating, 
it is probable that some rearrangement is necessary before betaine 
formation can occur. 

Evidence of the enolic betaine nature of this base has been 
obtained by the comparison of the dissociation constants of cevine 
itself and of the base in question. We are greatly indebted to 
Dr. Theodore Shedlovsky for measurements made, with the 
glass electrode, by determining in each case the pH of a solution 
of the base half neutralized with hydrochloric acid. The pKg of 
cevine proved to be 9.48, while in the case of the des-base the 
pH measurement showed it to be completely dissociated like an 
alkaline hydroxide. The nitrogen must therefore still be in 
quaternary form, since quaternary hydroxides are known to 
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have a strength comparable to an alkaline hydroxide. An enolic 
or phenolic betaine should exhibit in aqueous solution such prop- 
erties because of the very feebly acidic character of an enolic or 
phenolic group. 

It has not been possible to obtain conclusive evidence of the 
presence of a phenolic group in the cevine molecule. Similarly 
a carbonyl! group was not directly detectable by the usual reagents. 
However, the possible presence of the latter has been indicated 
by hydrogenation experiments with Raney’s nickel catalyst. 
Earlier attempts to hydrogenate cevine with platinum oxide 
catalyst had been unsuccessful. Raney’s nickel catalyst in 
methyl aleoholic solution caused the absorption of 1 mole of 
hydrogen. This was confirmed by isolation of a crystalline 
reaction product which analysis showed to be C2;HwOsN. It was 
also found possible to reduce cevine with sodium and butyl alcohol 
to a crystalline substance, C.7HyOsN (or possibly Ce7Hy;OsN), 
which was not identical with the hydrogenation product. As a 
by-product a substance was also obtained in small amount, the 
analysis of which agreed with a formula Cy;HyO;N. Further 
study of these substances is now in progress. 

In our investigation of methods to accomplish further degrada- 
tion of the betaine it was found necessary to employ more vigorous 
conditions, as in the case of cevine itself (3). Distillation with 
soda lime was found to give a mixture of bases and non-basic 
material. As with cevine, the basic fraction proved to be un- 
saturated and unstable and represented only a fragment of the 
alkaloid molecule. For its successful investigation it was neces- 
sary to stabilize it by hydrogenation. On fractionation the 
major portion of the resulting basic material was found to consist 
of an N-methyl hydroxy base, Cs;H,yON. This substance was 
not purified as such but after conversion into its methiodide, 
CyH2ONI, which had excellent properties. The latter proved 
to be optically active ([a] = +14.5° in alcohol) and now con- 
tained two N-methyl groups. The Zerewitinoff determination 
showed the presence of a hydroxyl group. The original N-methyl! 
base must therefore be a piperidine (or pyrrolidine) derivative. 
It is in all probability a hydroxy derivative of N-methyl-2-ethyl- 
5-methylpiperidine corresponding to the methylethylpiperidine 
previously obtained from cevine with soda lime (3). Our attempt 
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to test this possibility by dehydrogenation with zinc dust was 
unsuccessful because of complications caused by the N-methyl! 
and hydroxy! groups. 

The attempt was made to carry this substance through addi- 
tional steps of exhaustive methylation. The dimethyl quaternary 
hydroxide liberated with silver oxide was found to decompose 
readily at 80-90° and 15 mm. to give a volatile base which, con- 
trary to expectations, could not be hydrogenated. Again the 
resulting base was not isolated as such but as the crystalline 
methiodide. This salt is a trimethyl-substituted ammonium 
iodide. Analytical results agreed with the formula C,,H,ONI. 
Unlike its precursor, it gave only a fraction of a mole of methane 
with Grignard’s reagent. Since the failure of attempts to hydro- 
genate this salt confirmed its apparent saturated character, it 
appears that as the quaternary hydroxide suffers ring cleavage 
the hydroxyl group which attaches itself to the carbon atom 
cleaved from the nitrogen atom is split off not to form the double 
bond of a des-base but to form an oxide ring with the hydroxyl 
group already present in the parent base. The methiodide must 
therefore be an open chain oxidotrimethyl-substituted ammonium 
iodide. Its nature and the fact that it is optically active make 
its exact identification by synthetic procedures difficult. A 
preliminary attempt at the final step in the exhaustive methyla- 
tion has given trimethylamine and a fragrant volatile oil which 
was obtained in a yield too small for study. 

No evidence was obtained of the formation from the betaine 
with soda lime of the dicyclic base, CjpHiyN, which we obtained 
from cevine (3). This cannot be regarded as evidence that such 
a dicyclic base is an artifact produced by secondary cyclization 
and does not occur in cevine. It would be expected that the 
N-methyl quaternary salt of such a dicyclic base would degrade 
preferably by ring cleavage and formation of an N-methyl tertiary 
base such as actually observed. 


EXPERIMENTAL 


Cevine Methiodide—For the preparation of this substance a 
slight modification of the method as given by Freund and Schwarz 
(4) was employed. The yields (98 per cent of the theory) re- 
ported by these workers could not be duplicated by us. Although 
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many modifications were tried of conditions under which cevine 
was allowed to react with methyl iodide, the highest yield of 
recrystallized methiodide isolated was roughly 75 gm. from 100 
gm. of cevine. This was best obtained by allowing a solution 
of 100 gm. of cevine in 100 cc. of methyl alcohol and 70 cc. of 
methyl iodide to stand about 18 hours at 25°. After evaporation 
of the solvent and excess reagent, addition of water caused copious 
crystallization of the methiodide which was collected and then 
recrystallized from a minimal volume of water. It melted at 
253-257° with slow gas evolution after preliminary softening 
above 245° (Freund and Schwarz reported 257° with decom- 
position). 

Cevine Methochloride—This substance was prepared by shaking 
an aqueous solution of the methiodide with an excess of silver 
chloride. The solid obtained after evaporation of the filtrate 
was recrystallized from absolute alcohol. It formed platelets 
which melted at 280-283° and was anhydrous. It showed a 
very low rotation in aqueous solution. 


[alp = —1.5° (c = 2.0 in water) 
CosHy~OsNCl. Calculated, C 60.02, H 8.28; found, C 60.02, H 8.56 


The Betaine CosHyOsN (So Called Des-N-Methyl Cevine)—This 
substance was prepared from the methiodide essentially as de- 
scribed by Freund and Schwarz (4) with the exception that it 
was found unnecessary to liberate the quaternary hydroxide with 
silver oxide before heating with KOH. 

76 gm. of the methiodide were dissolved in a solution of 75 
gm. of KOH in 225 cc. of H,O and the mixture was heated on 
the water bath in a flask through which N was passed. After 
} hour the thick crystalline pap was cooled and the crystals were 
collected on a Jena funnel, washed with 25 per cent KOH, and at 
once dried in an exsiccator. Since the base is less soluble in hot 
alkali than when cool, the mother liquor was again heated. A 
second crop of crystals was obtained which was collected while hot. 
The first crop of crude base weighed 51 gm. and the second 14 gm. 

For purification the base was suspended in a small volume of 
water and the colorless, lustrous leaflets were again collected. 
After it was sucked almost dry, the product was washed with 
absolute alcohol. Although all attempts by simple means to 
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recrystallize the base failed, the following device was found to 
effect recrystallization. A portion of the base was dissolved 
in hot, carefully diluted alcohol. The solution was then re- 
peatedly boiled down to smaller volume after addition of absolute 
alcohol. The base separated as a crystalline powder which was 
collected with absolute alcohol. It melted with decomposition 
at 273-275°. 


CysHywOsN. Calculated, C 64.20, H 8.67; found, C 63.78, H 8.66 


Freund and Schwarz have described the free base as a hydrate, 
CosHgOsN - HH, 0. 

The hydrochloride of the base was obtained by solution in 
absolute alcoholic hydrochloric acid as lustrous rhombic platelets 
which melted with effervescence at 242°. It was found to contain 
1 mole of alcohol which was not removed on drying at 100°. 


[a]p = —28.5° (c = 1.99 in water) 
CysH wOsNCI-C,H;,OH. Calculated. C 59.42, H 8.65, OC,H; 7.42 
Found. ** 59.80, ‘* 8.87, e Ve 


This salt was similarly found to separate from methyl! alcohol 
with the solvent of crystallization and melted with effervescence 
at 248-250°. The solvent was not removed at 140°. 


CosHwOsNCI-CH;OH. Calculated. C 58.80, H 8.51, OCH; 5.24 
Found. "a, Cn. “~ ey 


Soda Lime Distillation of the Betaine, C23H OsN—This operation 
was performed with the crude, well washed betaine after careful 
drying in an exsiccator. An intimate mixture of 15 gm. with 
120 gm. of soda lime was heated in a glass distilling bulb immersed 
in a nitrate bath. A slow stream of Hz, was passed through the 
apparatus during the operation. Following the initial distillation 
of water, signs of decomposition were evident at 240° but at 260° 
a copious distillation of almost colorless oil occurred. After 
several hours the temperature was raised to 310° when a dark 
brown, more viscous oil distilled. After 1} hours at this tempera- 
ture the operation was discontinued. 

The distillate was transferred to a hydrogenation apparatus 
with alcohol and about 10 cc. of acetic acid and hydrogenated 
with 0.1 gm. of Adams and Shriner’s platinum oxide catalyst. 
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The absorption of H, was at first rapid but persisted on longer 
shaking, so the operation was continued for about 17 hours. The 
total absorption, exclusive of catalyst, varied in different experi- 
ments from 235 to 260 cc. The solution was acidified with an 
excess of HCl and the mixture was distilled with steam to remove 
volatile non-basic material. Following this, the residue was 
made alkaline and the steam-volatile bases were collected in dilute 
HCl. Very little resinous residue remained undistilled. 

The solution of the bases on concentration gave a syrupy residue 
of HCI salts which colored red on standing. Two experiments 
corresponding to 30 gm. of starting material were combined at 
this point and the base was liberated with 35 per cent KOH. 


TABLE I 
Analysis 
B.p., 760 mm. Weight = a 
Cc H 

. gm. per cent per cent 
145 0.17 

174 0.175 

200 0.185 72.59 12.30 
208 0.175 70.07 11.81 
208 0.175 69.24 11.92 
209 0.185 68 . 87 11.80 
209 0.185 69.22 11.75 
208 0.185 70.60 12.28 


211 | 0.185 71.05 12.07 


About 3 ec. of a red-colored, basic oil were obtained; the oil was 
separated with a few cc. of ether and dried over KOH. This 
mixture was then fractionated in a 22 cm. microdistilling column 
as described by Craig (7). After removal of ether, successive 
fractions were collected under gradually reducing pressure from 
36 mm. to 1 mm. and showed the boiling points and analytical 
results given in Table I. 

Further fractionation of this material as such was not at- 
tempted, since it appeared less hopeful than isolation as the 
following methiodide. The formation of the latter in excellent 
yield from the fractions boiling at 208-209° demonstrated that 
these fractions consisted essentially of the base CygH,yON. The 
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analytical figures in Table I approximate the calculated values, 
C 68.72, H 12.18 per cent. 

The Methiodide, CjoH20NI—0.15 gm. of the above base (b.p. 
208°) was treated with excess methyl iodide in ether solution. 
The methiodide gradually crystallized. After 24 hours 0.28 gm. 
was collected. On recrystallization from alcohol it formed flat 
prisms which melted at 242-243°. 


[a]> = +14.5° (c = 1.03 in 95 per cent alcohol) 
CioH2ONI. Calculated. C 40.12, H 7.41, CH; 10.03 
Found. "oo. ta. - me 


The Tschugaeff-Zerewitinoff determination showed the presence 
of 1 active H atom due to an OH group. Calculated, 1H 0.34; 
found, 0.34. 

The Methiodide, Cy,H2»ONI—0.7 gm. of the above methiodide 
was suspended in 2 cc. of methyl alcohol and decomposed by 
intimately mixing with a suspension in alcohol of silver oxide 
which had been freshly prepared from 0.47 gm. of silver nitrate. 
AgI was centrifuged off and washed by suspension in a small 
volume of alcohol and recentrifugation. The clear solution of 
the ammonium hydroxide which was free from Ag and I ions was 
transferred to a microdistillation apparatus. Methyl alcohol 
was carefully removed at barometric pressure. A_ colorless, 
viscous, basic oil remained. The pressure was then reduced to 
20 mm. and when the oil bath was heated to about 80° decom- 
position began. By slowly raising the temperature to 90° prac- 
tically all was distilled and a turbid distillate collected in the 
condenser cup. The bath was raised finally to 120° to complete 
the distillation. Only a trace of undistilled residue remained. 

The distillate, which consisted of the tertiary dimethyl base 
and water, was dissolved in about 10 cc. of dry ether and an excess 
of methyl iodide was added to the solution. A turbidity followed 
by prompt crystallization of the trimethyl ammonium iodide 
occurred which became copious on standing. After 24 hours the 
quaternary salt was collected with ether. It was recrystallized 
by addition of ether to the solution in methyl alcohol and formed 
colorless needles which melted at 132-133°. It was very soluble 
in water and the alcohols. 


[a]p = —16° (c = 1.0 in water) 
CuH.ONI. Calculated, C 42.16, H 7.72; found, C 42.27, H 7.56 
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In the Tschugaeff-Zerewitinoff determination of active hydrogen, 
the results of a number of determinations were consistent in 
giving roughly 0.5 mole of methane. Calculated, 1H 0.32; found, 
0.14, 0.17, 0.20. 

Hydrogenation of Cevine—Although cevine was recovered un- 
changed following attempts to hydrogenate it with the platinum 
oxide catalyst of Adams and Shriner, it was found to absorb 
hydrogen with Raney’s nickel catalyst. 

A solution of 0.5 gm. of cevine in 3 cc. of methyl alcohol was 
shaken with an excess of Raney’s catalyst suspended in the same 
solvent. After 24 hours absorption had stopped and 25 ec. of 
H, or roughly 1 mole had been consumed. 

After removal of the catalyst the concentrated solution de- 
posited crystals which were recrystallized from methyl alcohol. 
It contained the solvent of crystallization and softened with effer- 
vescence at 220° due to loss of the solvent, but resolidified and 
then melted at 263-265°. [a] = —8° (ec = 0.96 in methyl 
alcohol). For analysis it was dried at 140° under reduced pressure. 


Cz7HywOsN-2CH,OH. Calculated, CH,;OH 11.12; found, 10.46 
C2;HywOsN. Calculated, C 63.36, H 8.87; found, C 63.44, H 8.98 


The substance separated also from chloroform with the solvent 
of crystallization which was held quite tenaciously when we 
attempted to dry the substance for analysis. Chloroform was 
retained even at 140°. 

Reduction of Cevine with Sodium—3 gm. of cevine were dis- 
solved in 80 cc. of butyl alcohol and heated to boiling. 4 gm. of 
sodium were then added and the mixture was vigorously shaken 
to emulsify the sodium. After solution of the metal, water was 
added and the mixture was concentrated in vacuo to remove the 
butyl alcohol. The aqueous solution was warmed and extracted 
with chloroform. The latter after being washed and dried over 
K;CO; was concentrated to dryness. The residue weighed 2.6 
gm. It was crystallized from methyl alcohol, forming micro- 
platelets which after recrystallization melted at 263-264° after 
preliminary sintering and contained the solvent. [a]” = —27° 
(ce = 1.12 in methyl alcohol). For analysis it was dried at 140° 
and 20 mm. 


CeHwOsN. Calculated. C 63.36, H 8.87 
CyHwOsN. Calculated, C 63.11, H 9.23; found, C 63.28, H 9.05 
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In later experiments it was found that if the crude reaction 
product is first dissolved in a small volume of dry chloroform, fine 
needles of a sparingly soluble by-product separated in small yield. 
After collection with chloroform 0.17 gm. was obtained from 3 gm. 
of cevine. It formed needles from methyl alcohol which melted 
at 284-287°. 


[a]> = —21° (c = 1.3 in methyl! alcohol) 
CorHyO;N. Calculated. C 65.67, H 8.79 
CzHwO:;N. Calculated, C 65.41, H 9.16; found, C 65.17, H 8.99 


In other experiments in which butyl alcohol was replaced by 
ethyl alcohol as a solvent, practically identical results were ob- 
tained. 
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If sodium pyruvate is added to cells of bakers’ yeast suspended 
in a phosphate buffer of pH 7.0 in the strict absence of oxygen, 
practically no pyruvate is utilized. After 3 hours in contact 
with the cells the sodium pyruvate can be almost quantitatively 
recovered. If, however, oxygen is admitted to the cells, then 
both pyruvate and oxygen are utilized at appreciable rates (see 
Table I). So far as I am aware, no one has pointed out this 
difference between aerobic and anaerobic conditions in connection 
with pyruvate metabolism by yeast, although one can infer from 
the literature that such must be the case. Thus Hagglund and 
Augustsson (1) and Haehn and Glaubitz (2) both remark that 
the utilization of pyruvate by yeast cells at neutrality is prac- 
tically nil, whereas Lieben (3) measured a definite utilization of 
sodium pyruvate by yeast cells while bubbling air through the 
suspension, and Meyerhof (4) obtained a comparatively large 
increase in oxygen consumption on adding sodium pyruvate to 
yeast cells. Such a marked difference between anaerobic and 
aerobic conditions is rather surprising, for, as is well known, yeast 
contains an enzyme system, the carboxylase system, that rapidly 
attacks pyruvic acid under strictly anaerobic, as well as under 
aerobic conditions, according to the equation, CH;COCOOH — 
CH;CHO + CO,. This enzyme-catalyzed reaction occurs most 
rapidly at slightly acid reactions, so it might be considered that 
in experiments at neutrality this enzyme is inhibited. However, 


* A preliminary account of these experiments was presented before the 
Thirty-second annual meeting of the American Society of Biological 
Chemists at Baltimore, 1938 (Proc. Am. Soc. Biol. Chem., J. Biol. Chem., 
123, p. exi (1938)). 
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if the pH is lowered to 5.6 by means of an acetate buffer, isolated 
carboxylase can be shown to be very active, but living cells are 
still practically inactive toward pyruvate under anaerobic con- 
ditions. In the presence of oxygen, however, they utilize pyruvate 
and consume even more oxygen than in phosphate buffer at pH 
7.0. Apparently under anaerobic conditions the pyruvate cannot 
come into contact with the carboxylase system in the cell. Under 
aerobic conditions, however, the pyruvate apparently has ready 
access to the oxidizing enzyme system. 

If the medium is made still more acid, the cells begin to utilize 
pyruvate at an appreciable rate under anaerobic conditions in ac- 
cordance with the results of Higglund and Augustsson (Table I). 
However, the oxygen consumption under aerobic conditions de- 
creases. The limiting condition employed was to suspend the 
cells in dilute free pyruvic acid. Under this condition the anaero- 
bie reaction is quite rapid. If we express the amount of pyruvic 
acid used in terms of the c.mm. of CO, that would be formed 
from it by carboxylase (7.e. 1 gm. molecule of pyruvic acid = 22,400 
c.mm.), then the ¢.mm. of pyruvic acid used per mg. of dry weight 
of cells per hour (QN?.uvie acia) reach values of 22 to 24. Under aero- 
bic conditions the c.mm. of oxygen consumed per mg. of dry weight 
of cells per hour (Qo,) reach values of this same order of magni- 
tude. If the pyruvic acid is half neutralized, the QN?.uvie acia drops 
to about one-half the previous value and the Qo, increases about 
50 per cent. If the pyruvic acid utilized aerobically, Q22,uvie acid, 
is determined, it is found to be greater than QN?uvic acia under 
all conditions (see Table I) and to vary less with pH. Thus, in free 
pyruvic acid Qe? uvie acia is about twice QNiuvic acia but in half neu- 
tralized pyruvic acid it may be 4 or more times as great. However, 
the rate at which pyruvate is utilized also depends on factors other 
than pH. Thus the addition of urea in a concentration equivalent 
to that of the free pyruvic acid used has only a very slight effect 
on the pH but it may increase the rate of pyruvate utilization 
3-fold. Various amino acids have a similar effect. They, of 
course, affect the pH, but their effect on pyruvate utilization is 
greater than the same change in pH brought about by NaOH. 
The results mentioned appear to be best explained on the assump- 
tion that the limiting factor in the utilization of pyruvate by living 
yeast cells is the permeability of the cell membrane. Thus, under 
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anaerobic conditions this membrane would have to be considered 
as practically impermeable to the pyruvate ion, but permeable 
to undissociated pyruvic acid. The fact that the rate of utiliza- 
tion may be influenced by the presence of a substance such as 
urea, a substance which is not attacked by yeast cells under the 
conditions given, could then be explained as an effect upon the 
permeability of the membrane. Such an explanation would, of 
course, mean that the membrane is more permeable to pyruvic 
acid under aerobic than under anaerobic conditions. A similar 
change in permeability for glucose, although in the opposite 
direction, t.e. greater permeability under anaerobic conditions, 
has been postulated by Dixon and Holmes (5) as an explanation 
of the Pasteur effect. The results of Runnstrém (6) et al. can 
be interpreted as supporting the theory of Dixon and Holmes. 
It is, of course, possible that if the permeability of the membrane 
changes at all on changing conditions, it might change in opposite 
directions for different substrates. 

Although the above considerations must be borne in mind in 
work with pyruvic acid and yeast cells, the purpose of the present 
paper is not to consider them further, but to consider the question 
of what becomes of the pyruvic acid that is utilized under aerobic 
conditions by cells of bakers’ and torula yeast in acid solutions. 

Neuberg and von May (7) obtained satisfactory balances for 
the utilization of pyruvic acid by brewers’ yeast. The products 
were CO2, acetaldehyde, and acetoin. Lieben (3) in the work 
mentioned above, which was carried out under aerobic conditions 
but without measurement of the oxygen consumption, found 
that the CO, produced in his experiments was not sufficient to 
account for the pyruvate used. He could find no acetaldehyde, 
so he was left with a negative carbon balance. He found, however, 
that his cells had increased in weight and if he assumed that the 
increase in weight was due to carbohydrate formation then the 
carbon contained in it completed his carbon balance. He did not, 
however, demonstrate a formation of carbohydrate. Meyerhof 
(4) in the paper cited above reports only values for oxygen con- 
sumption in the case of pyruvic acid. He considers this acid 
as one of the substances that are converted to carbohydrate by 
yeast, but his paper gives no direct evidence for it. It appears 
that not only is direct evidence for such a transformation lacking, 
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but even simultaneous measurements of oxygen consumption, CO, 
production, and pyruvate utilization by yeast are lacking. The 
experiments presented below provide this information. 


EXPERIMENTAL 


The yeast used in most of these experiments was Fleischmann’s 
commercial bakers’ yeast purchased in small cakes at a grocery 
store. It was suspended in distilled water and centrifuged slowly 
to remove the heavier particles present. This sediment was 
discarded and the tube then centrifuged rapidly enough to sedi- 
ment the cells. The supernatant was discarded. This process 
was repeated three times. The cells were then suspended in 
either saline or the appropriate salt mixture. Such cells sus- 
pended in M/15 KH,PO, containing 3 per cent glucose in an 
atmosphere of nitrogen and shaken in the usual manometric 
apparatus at 28° produced CO, at the rate of 210 c.mm. per mg. 
of dry weight of cells per hour (Q38, = 210). If suspended in 
an atmosphere of oxygen, they consume oxygen at the rate of 
65 c.mm. per mg. per hour (Q8? = 65) and produce CO, at the 
rate of 112 c.mm. per mg. per hour. If we assume ari R.Q. of 
1.00, this gives an aerobic fermentation of 47 c.mm. of COs, per 
mg. per hour (Q&%, = 47). If the cells are suspended in 0.02 
m HCl, the QR, = 87, the Qe? = 31, and the Qe, = 30. Some 
experiments were also performed with a torula yeast! cultivated 
in this laboratory on unhopped malt. In contrast to the torula 
yeasts studied by Meyerhof (4) this yeast did not have a high 
oxygen consumption. The cells suspended in mM/15 KH,PO, 
containing 3 per cent glucose had a QS. = 193,a Qe? = 44, and 
a Q&, = 123. 

Free pyruvic acid is somewhat toxic to yeast cells, as has been 
pointed out by Haehn and Glaubitz, so its concentration must be 
kept low. We have found that cells may be suspended in 0.08 
M pyruvic acid and allowed to remain there for 3 hours at 28° 
without being damaged, if we take the property of staining with 
methylene blue as the criterion of damage. The pH in such a 
solution as determined by the glass electrode is approximately 2.0. 
If the pyruvic acid is half neutralized by NaOH, the pH is 2.65. 


! The culture of this yeast was very kindly supplied to us by the Waller- 
stein Laboratories in New York. 
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An equimolecular mixture of pyruvic acid and glycine has a pH 
of 2.55. Since acid is destroyed during the experiment, the 
solutions become less acid. If a sufficient amount of the solution 
is taken and the experiment stopped within 3 hours, the pH change 
is small and may be neglected. 

Table I shows the amounts of pyruvic acid used under anaerobic 
and aerobic conditions in a number of experiments. The amount 
of cells used varied from one experiment to another. Pyruvic 
acid was determined by means of carboxylase. As carboxylase 
we used either a product prepared according to Axmacher and 


Taste I 
Pyruvic Acid Used Expressed As Difference in C.Mm. of CO, Produced by 
Carborylase before and after Experiment. Temperature = 28° 


| i | | 
Yeast i pH Time Anaer- Aerob- Yeast used | pH | Time Anaer- | Aerob- 


obically ieally | obically| ically 
min. min. 

Bakers’ | 7.0 | 180 | 14 | 121 | Bakers’ | 2.5 | 120 | 421 | 920 
« |56| 1890] | 7! « |25 | 120 | 450 | 980 
" 5.6 | 150 | 15 | “| 2.5 | 140 | 255 | 720 
“ 4.6 | 150 | 64 a“ 2.55 | 60 | 580 | 1550 

3.6 | 150.| 127 - 2.65; 60 | 150 | 413 
“ 2.0 | 60 | 360 | 606 | 2.65 | 60 | 161 | 670 
‘ 2.0 | 60 | 533 | 1260 " 2.65 | 60 | 220 | 470 
“ 25 | 60 | 150 | 691 “ 2.65 | 220 | 264 | 912 
“ 2.5 | 50 | 381 | 1232] Torula | 2.5 50 | 183 | 227 
: 2.5 | 60 | 195 475 ni 2.5 55 192 | 260 
“| 2.8 | | 2.5 | 120 | 194 | 286 


90 362 900 - 


Bergstermann (8) or a dialyzed yeast extract, as described by 
Warburg and Christian (9). The amount of pyruvic acid used 
was determined by running carboxylase estimations on the initial 
and the final solutions. The CO, formed in these determinations 
was measured manometrically. 

Table II presents a number of experiments showing along with 
other data the amount of pyruvic acid used, the amount of oxygen 
used, and the amount of CO, produced. The amount of cells used 
in theexperimentsin Table II was approximately 25 mg., dry weight, 
but the different experiments varied around this figure. It may 
be observed that the amounts of CO, produced are large in com- 
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parison with the amounts of oxygen used. Such a comparison 
means very little in this case, for one cannot consider this to be the 
n.Q. of the pyruvic acid. This is true because yeast can form 
CO, from pyruvic acid anaerobically according to the equation 
given at the beginhing of this paper. This anaerobic reaction 
may also occur in the presence of oxygen and the CO, produced 
by it cannot be distinguished from that produced oxidatively. 
It seems safest for the present purpose to assume that each mole- 
cule of pyruvic acid used produces 1 molecule of CO: anaerobically. 
The product resulting from this reaction is acetaldehyde. The 
complete oxidation of acetaldehyde yields an r.q. of 0.8. Theo- 
retically then in such an experiment if the ¢.mm. of pyruvic acid 
used are subtracted from the ¢c.mm. of CO: produced and the 
resultant number is divided by the c.mm. of oxygen used, the 
quotient, designated as R.Q.’, should be 0.8, or less if the oxidation 
is incomplete. As shown in Table II it is in every case consider- 
ably greater than 0.8. The average for all the experiments shown 
in Table II is 1.31. Such a marked discrepancy can only be 
explained as the result of some additional reaction. 

The figures used in computing R.q.’ were not corrected for 
the oxygen consumed and CO, produced by the controls. As 
a control, we understand a similar suspension of cells brought to 
the same pH as in the pyruvic acid experiment by the addition of 
HC] and treated in exactly the same way, but without the addition 
of any substrate. The values observed for such controls are 
also shown in Table II. It may be observed that with one excep- 
tion the r.q. of these controls is less than 1.00. If the experiments 
are corrected for these controls, the effect in every case is to raise 
the r.q.’ higher. These corrected figures, R.q.”, are shown in 
the last column of Table II. The average r.q.” is 1.45. 

In experiments such as these it often is not clear whether or 
not the experimental figures should be corrected for the controls. 
These control figures represent an endogenous metabolism and it 
is usually doubtful whether this continues after the addition of 
a substrate. In this case the control figures (r.q. = 0.94) appear 
to represent a carbohydrate oxidation. It seemed it should be 
possible to determine whether or not this was actually a carbo- 
hydrate utilization and whether or not it continued in the presence 
of pyruvic acid. A number of carbohydrate determinations have 
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accordingly been carried out and the results are presented in 
Table III. 

These determinations were carried out by hydrolyzing the cells 
with 1.0 nN H,SO, for 3 hours at 100°. Reducing sugars were then 
estimated by the method of Hagedorn and Jensen (10) as modified 
for larger amounts by Hanes (11). The proteins were precipi- 
tated by Zn(OH)2 and separated by centrifuging instead of filter- 
ing. In some cases fermentable sugar was also determined. In 
these cases the H.SO, hydrolysate was neutralized with NaOH 
and the fermentation carried out without precipitating the pro- 
teins. The two methods do not give the same results. The value 
for reducing sugar runs about 11 per cent higher. However, 


TaBLe III 
Hydrolyzable Carbohydrate As Mg. of Glucose 


Time Control at start | HC cells Foravie acid cells | KHsPO, cells 
hre. | } | 
3.0 8.30 6.65 6.24 
2.0 8.69 7.25 7.14 
2.5 8.38 7.76 7.49 
3.0 6.85 5.05 5.54 
2.0 8.56 7.76 
3.0 8.56 | 7.40 
1.0 6.83 6.33 6.22 
4.67 


6.83 





since the values desired were always differences from controls 
treated in the same way, either method may be used. 

The results show quite clearly that the carbohydrate deter- 
mined in this way does decrease as the cells are shaken in 0.02 N 
HCl. In fact the decrease obtained by this analysis is always 
greater than the measured oxygen consumption or CO, production 
would indicate. In some cases it was twice as great. The ex- 
planation for this is not clear. It may be that some carbohydrate 
passes out from the cells into the HCI, but analyses on the HC! for 
reducing sugars as well as for nitrogen were both negative. It 
seems more likely that while the cells were shaken with 0.02 
nN HCl intermediate carbohydrate products were formed within 
the cell which were destroyed by heating with H.SO,. Table III 
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also shows that the carbohydrate in the cells which were shaken 
with pyruvic acid decreased as much as or even a little more than 
in the cells shaken with 0.02 Nn HCl. According to these results 
the endogenous metabolism of the controls continued after the 
addition of pyruvic acid, so to find the gas exchange due to the 
addition of pyruvic acid the figures obtained should be corrected 
for the controls. This leaves us with the task of explaining an 
r.Q. of 1.45 instead of the theoretical 0.8. 

It would seem that the only possible explanation for such a 
high Rk.q. is that some reduction product is formed. Before the 
reduction level of such a product can be estimated, it is necessary 
to know how much acetaldehyde is present at the end of the 
experiment. This has been determined in a number of the ex- 
periments by aerating it into bisulfite in the lactic acid apparatus 
of Wendel (12) and titrating with iodine. The values obtained 
are recorded in Table II. If we now consider a balance for Experi- 
ment 1 in Table II, correcting for the control and considering all 
substances as gases so that they may be directly compared, i.e. 
considering 1 gm. molecule of each substance equal to 22,400 
c.mm., we find that 937 ¢.mm. of pyruvic acid + 749 c.mm. of 
Oz have yielded 1929 ¢.mm. of CO. + 76 ¢.mm. of acetaldehyde. 
Part of the CO, was probably formed anaerobically by decar- 
boxylation of pyruvic acid and the rest was formed oxidatively. 
Of the (8 X 937) c.mm. of carbon contained in the pyruvic acid 
used (1929 + (2 X 76)) c.mm. were recovered in the CO, and 
acetaldehyde produced. This is a little over 74 per cent recovered. 
Of the (1.5 X 937) c.mm. of O, contained in the pyruvie acid 
used and the 749 c.mm. of O2 absorbed as a gas, the two products 
considered account for (1929 + (0.5 XK 76)) e.mm. This is a 
little over 91 per cent recovered. However, of the (2 X 937) 
c.mm. of Hy contained in the pyruvie acid used only (2 X 76) 
¢.mm. are represented in these two products. This is only about 
8 per cent recovered. It is obvious that whatever products re- 
main must be strongly reduced substances. In an effort to find 
out what these were we have carried out the tests described below. 

One possibility that suggests itself is that pyruvic acid under 
aerobic conditions stimulates the fermentation of the reserve 
carbohydrate of the cell. Table III demonstrates that this 
reserve carbohydrate decreases to about the same extent as the 
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control, but it is possible that this material is respired in the 
control, but fermented in the experiment. Each molecule of 
glucose would then give rise to 2 molecules each of CO, and ethyl 
alcohol without using any oxygen. There are two reasons for not 
considering this further. Firstly, it requires a formation of ethy! 
aleohol and, as discussed below, this cannot be demonstrated 
and, secondly, a simple calculation on the data presented in 
Table II shows that such a consideration, if granted, will not 
explain the results. 

Volatile alcohols were tested for in the following way. If the 
acetaldehyde determination described above is carried out with 
a well cooled condenser, substances less volatile than acetaldehyde 
may be retained. If the solution is then distilled, these products 
will pass into the distillate and can be determined there. Such 
distillates in most of our experiments contained nothing that reacts 
with a strongly alkaline iodine solution or with hot KMnQ,. 
The solutions were neutralized with NaOH before distillation in 
order to prevent the distillation of the pyruvic acid. The small 
amounts of material present in some distillates could be accounted 
for as acetoin according to the method of Langlykke and Peterson 
(13). The values obtained were of the order of one-tenth of the 
acetaldehyde values and they will not be considered further here. 
As a check, however, solutions were distilled without previously 
removing the acetaldehyde and the distillates were treated with 
alkaline iodine. The first quarter of the distillate contains all 
the acetaldehyde and from the fact that the figures obtained agree 
with the figures for acetaldehyde obtained by the bisulfite method 
we conclude that it contained no other products such as ethyl 
alcohol or acetone. 

Lactic acid determinations have been run according to Friede- 
mann, Cotonio, and Shaffer (14) and none was found. In fact, 
no acid other than pyruvic is present in the solution at the end 
of the experiment. This can be shown in the experiments with 
free pyruvic acid by comparing carboxylase determinations with 
the titration of the total acid. For example, in one experiment 
1488 c.mm. of pyruvic acid were used according to the carboxylase 
determinations, and titration to phenolphthalein with NaOH 
indicated a total acid disappearance of 1534 ¢.mm. 

Glycerol determinations were carried out on the solution ac- 
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cording to Zeisel and Fanto (15). Traces appear to be present, 
but the amount is very small. 

Although yeast is not known to produce hydrogen gas or me- 
thane gas, we have nevertheless tested for their presence. Two 
methods were used for hydrogen. In the first the gas mixture 
at the end of the experiment was shaken with alkaline pyrogallol 
and then brought into contact with a platinized platinum electrode 
that dipped into an HC! solution. If even very small amounts 
of hydrogen are present, and oxygen is absent, such an electrode 
assumes a strongly negative potential. In these experiments no 
evidence for the presence of hydrogen could be obtained. The 
other method was to measure the volume of gas remaining after the 
mixture of gases was shaken with alkaline pyrogallol. If the ex- 
periment is started with pure oxygen and no gas other than carbon 
dioxide is produced, then the gas should be completely soluble in 
alkaline pyrogallol both at the beginning and at the end of the 
experiment. Actually the commercial oxygen used contains about 
1.5 per cent of a gas not soluble in this reagent. No additional 
insoluble gas was produced by the experiment. 

It was, of course, obvious from the beginning that the product 
formed might remain inside the cells. Attempts to demonstrate 
an increase in weight of the cells were not successful. The results 
indicate a small decrease in weight, but such experiments are 
subject to considerable error. In considering what product might 
be formed inside the cell we must consider the possibility that a 
carbohydrate is formed that is not hydrolyzed by the method 
employed here. That this cannot be a sufficient explanation is 
clear from the fact that such a transformation of pyruvic acid to 
carbohydrate is only a very slight reduction. Thus for every 6 
carbon atoms converted to carbohydrate only the equivalent of 
1 oxygen atom is formed. If all the carbon unaccounted for in 
Experiment 1 of Table Il were so converted, the balance with 
respect to oxidation and reduction would still be far from complete. 
A more promising explanation would be the conversion of part of 
the pyruvic acid to fat. This is an enormous reduction—the 
conversion of 1.0 mg. of pyruvic acid to a saturated C,,s fatty acid 
liberates the equivalent of 466 c.mm. of oxygen. The conversion 
of carbohydrate to fat is of course the classical explanation for 
a high r.q. Furthermore, the conditions stated by Maclean 
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(16) to be favorable for fat formation in yeast cells are a free 
supply of oxygen and a non-nitrogenous medium rich in car- 
bohydrate. Others (17) have stated that an acid medium is 
favorable. These conditions are more or less fulfilled by our 
experiments. It is interesting to note that Maclean remarked 
that the part played by oxygen requires further elucidation. At 
first thought it may seem strange that oxygen should be required 


TasLe IV 
Ether Extract in Mg. from 1.25 to 1.50 Gm. (Dry Weight) Samples of Control 
and Pyruvic Acid-Treated Cells 


Heated with acid Heated with alkali 








Experiment No. wer - ne ba ane Experiment No. wer” eee spe ene 
1 | 107) 6] 11 | 169 | 203 
2 112 «| #187 12 142 170 
3 % | 108 13 140 |) (SI 
4 74 87 14 129 | 136 
5 s 97 15 | 14% | 138 
6 S* | 112* 16 Pi 106 
7 32* | 06* 17 % | 109 

| (47) | (46) 18 77)6~CU| «108 
8 73* | 78° 
| (24) | (2%) 
9 51° | 61* 
(18) | (28) 
10 ow; 
} (41) | 


(33) 


The figures given in parentheses represent the material extracted by 
ethyl ether, but insoluble, or at least not readily soluble, in petroleum 
ether. 

* Petroleum ether-soluble. 


to produce such a highly reduced substance as afat. If we remem- 
ber, however, that the formation of fat represents a storage of 
energy, then it seems very probable that the rdle of oxygen is to 
bring about reactions supplying the necessary amount of energy. 

Determinations of the amount of material extractable by ether 
in the cells have been carried out and the results are presented 
in Table IV. As discussed by Maclean (16) and others, only 
a small amount of the fat present can be extracted from yeast 
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cells by organic solvents, but if the cells are first heated with 
acid the fat can then be extracted. We have accordingly followed 
this method. The well washed cells were heated with 1.0 Nn 
HCI for 2 hours at 100°. This solution was then evaporated to 
dryness on a water bath, and the dry residue transferred to an 
extraction thimble, placed in a Soxhlet apparatus, and extracted 
with ethyl ether. Extraction was continued in all cases for 48 
hours and in some for 96 hours. A typical example of the amount 
of extract obtained at different times is the following: first 24 
hours 58 mg., second 24 hours 7 mg., third 24 hours4mg. As shown 
in the first five experiments of Table IV, this method indicates 
that cells shaken with pyruvic acid contain more material ex- 
tractable by ether than the controls which had been shaken with 
HCl. It must, of course, be made clear that this increase is not 
pyruvic acid. In order to remove all pyruvic acid on the outside 
of the cells they were washed three times in 50 times their volume 
of water. The controls were, of course, washed in the same way. 
It is conceivable that pyruvic acid might accumulate inside the 
cell in spite of the presence of carboxylase, although such an 
accumulation would not fit well with the other data. We have, 
accordingly, tested the extract for pyruvic and other keto acids 
by evaporating off the ether (in vacuo, under CO,), extracting 
the residue with water, and testing the water with carboxylase 
and with phenylhydrazine. No evidence for keto acids was 
obtained. 

In Experiments 6, 7, 8, 9, and 10 of Table IV the dried ether ex- 
tract was extracted again with petroleum ether. It is well 
known that ethyl ether dissolves things other than fats and fatty 
acids and that petroleum ether is supposed to be a more spe- 
cific solvent for fatty acids. It may be observed that the 
petroleum ether-soluble fraction is greater in the case of the pyru- 
vie acid cells than it is in the control. The figures given in par- 
entheses for Experiments 7, 8, 9, and 10 represent the material 
extracted by ethyl ether, but insoluble, or at least not readily 
soluble, in petroleum ether. 

Experiments 11 to 18 inclusive of Table IV were carried out in a 
different way. In these the washed cells were treated with al- 
coholic KOH in such quantities that the final concentration of 
alkali was 1.0 nN. They were then refluxed for 4 hours, acidified 
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with H,SO,, and extracted three times with ethyl ether. It may 
be seen that here again the values for the pyruvic acid cells exceed 
the controls. These figures were obtained from amounts of 
bakers’ yeast varying from 1.25 to 1.50 gm., dry weight. The 
individual experiments are not to be compared with one another, 
but each pyruvic acid experiment is to be compared with its own 
control. 

It seems clear from these results that the ether extract of yeast 
cells is increased by shaking them with pyruvic acid under aerobic 
conditions. From the fact that this increase is soluble in pe- 
troleum ether we may consider it, at least temporarily, as fat or 
fatty acid and see whether such a formation of fat will explain 
our other results. As stated above, these figures were obtained 
from experiments with larger amounts of yeast and cannot be 
directly compared with the experiments in Table II. It seems 
certain that the formation of no one substance will account quan- 
titatively for all the results presented in Table II, but qualitatively 
a formation of fat in the amounts indicated by Table LV will serve 
to bring all of the experiments into something approaching an 
oxidation-reduction balance. 

The figures given do not indicate whether the pyruvie acid 
itself should be considered as being converted to fat or whether 
the carbohydrate that disappears, and which is oxidized in the 
control, is in the presence of pyruvic acid converted to fat and 
the oxygen which is released used to oxidize the pyruvie acid. 
If the latter were the case, one might expect that the addition of 
other readily oxidizable substrates would lead to similar results. 
This appears not to be the case. For example, if acetaldehyde is 
added instead of pyruvic acid one finds not a high R.g. but one 
slightly too low (r.q. = 0.73). This can be readily explained by 
an incomplete oxidation. Similarly if the cells are suspended in 
free lactic acid or in a buffered solution of lactate an oxidation 
readily occurs but the r.q. obtained is the theoretical one of 1.00. 
The effects described above appear to be specific for pyruvic acid. 
The task of following the reactions involved is a difficult one if only 
the usual chemical methods are employed. Possibly the task 
would yield readily to an attack involving the use of isotopes. 

The oxygen consumption due to pyruvic acid at pH 2.5 is 
readily inhibited by iodoacetate. A concentration of 0.0021 m 
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iodoacetate decreases the oxygen consumed to one-tenth its former 
value and decreases the amount of pyruvic acid used to approxi- 
mately the anaerobic level. The anaerobic reaction is not affected 
by this concentration of iodoacetate. Iodoacetamide is a much 
less effective inhibitor. 


SUMMARY 


The utilization of pyruvic acid by cells of bakers’ yeast and 
a torula yeast under anaerobic and aerobic conditions and at 
different pH values has been measured and discussed. 

It is shown that the amount of pyruvic acid used under aerobic 
conditions is from 2 to 4 or more times greater than the amount 
used under anaerobic conditions. The amount of oxygen con- 
sumed in this aerobic reaction is not sufficient to account for the 
production of the amount of CO, obtained from the amount of 
pyruvic acid used. 

Examination of the liquid in which the cells were suspended 
and of the gas in the vessel failed to reveal the presence of any 
reduction product in significant amounts. Determinations of 
hydrolyzable carbohydrate in the cells show that this material 
decreases if cells are shaken in dilute HCI in the presence of oxygen 
but without added substrate, and that it decreases as rapidly or 
even more rapidly from cells shaken with dilute pyruvic acid. 
Thus hydrolyzable carbohydrate is not formed from the pyruvic 
acid used. 

Determinations of ether-extractable material present in cells 
previously heated with acid or alkali show that this material is 
increased in cells treated with pyruvic acid as compared to those 
treated with HCl. The petroleum ether-soluble material present 
in the ethyl ether extract is increased by about the same amount. 
Thus fats or substances closely related to the fats are formed 
from the pyruvic acid. 

The utilization of pyruvic acid under aerobic conditions at 
pH 2.5 is readily decreased to the level attained under anaerobic 
conditions by low concentrations of iodoacetic acid. It is much 
less readily inhibited by iodoacetamide. 
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THE B VITAMINS AND FAT METABOLISM 


I, EFFECTS OF THIAMINE, RIBOFLAVIN, AND RICE POLISH 
CONCENTRATE UPON BODY FAT 


By k. W. McHENRY anp GERTRUDE GAVIN 


(From the School of Hygiene, University of Toronto, Toronto, Canada) 
(Received for publication, June 2, 1938) 


In 1936 Whipple and Church (1) found that the difference in 
weight caused by thiamine in paired fed rats could be attributed to 
differences in the amounts of fat and water in the bodies. Since 
fat-free diets were used, it seemed likely that the increase in fat 
was due to synthesis from carbohydrate. In the following year one 
of us reported (2) the apparent production of fat from carbo- 
hydrate in the livers of rats fed a fat-free diet containing thiamine 
and riboflavin but as little choline as possible. Supplee and as- 
sociates (3, 4) have stated that thiamine, riboflavin, and rice 
polish concentrate, used as a source of vitamin Bs, have associated 
effects on the weight of young rats. Since we believe that one 
function of thiamine is the formation of fat, it appeared advan- 
tageous to investigate whether riboflavin and rice polish con- 
centrate produced changes in weight, partially at least, by influ- 
ences upon fat metabolism. 


Methods 


Young white rats of the Wistar strain, reared in the Connaught 
Laboratories’ colony, were employed. They were kept in in- 
dividual, screen bottom cages with water available freely. The 
animals were weighed daily and records were kept of food con- 
sumption. Groups of ten rats were used and all the results given 
are averages for such groups. In some cases the basal diets, 
supplied ad libitum, were similar to that employed by Supplee 
et al., and in others were modified to contain as smal] quantities 
as possible of fat and choline. In Diet 3 casein was reduced to 
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10 per cent to diminish the lipotropic effect of that substance, 
originally described by Best and Huntsman (5). 

The compositions of the basal diets are given in Table I. The 
following supplements were used: thiamine (Merck), riboflavin 
(Hoffmann-La Roche), rice polish concentrate (Labco), and 
choline (British Drug Houses). Because of the amounts of thi- 
amine and of choline in the rice polish concentrate, it was necessary 
to consider the effects of choline in conjunction with thiamine as 
a control upon the effects of rice polish concentrate. Since the 
amount of free choline supplied was equivalent to the amount in 
the concentrate (429 mg. per 100 gm.), it was much less than is 
ordinarily used for studying the effect of choline. In Series I all 
supplements were provided in such amounts that the quantities 


TABLE | 
Composition of Basal Diets 





Constituent | Diet1 | Diet2 | Diets 








per cent per cent per cent 











Casein (Labco vitamin-free). ....... . 20 20 10 
Sucrose. . ‘ Bs ait.) Lame oe ars 69 74 | 84 
Corn oil (Mazola).. ee eR oe 3 0 0 
Salt mixture (Steenbock- Nelson Salts 40 (6)). 4 4 4 
Sih bees eceshetines sae 2 2 2 
eg a. os wae ens 2 0 0 

- ee os aces seas eee ns 0 0.015 0.015 





of thiamine and choline received by various groups were the same; 
for example, all rats given thiamine secured the same amount 
whether or not rice polish concentrate was present. Animals in 
Series I received amounts of supplements which were independent 
of the food intake. In other series all supplements were given in 
proportion to the amount of food consumed. The quantities of 
supplements are noted in the reports on each series. 

After the animals had been killed by stunning, fat determina- 
tions were carried out by the Leathes and Raper modification 
(7) of the Liebermann saponification procedure, with some altera- 
tions in technique. The bodies from each group were weighed 
and placed in a 12 liter, round bottom flask. For each 100 gm. 
of body weight 50 gm. of potassium hydroxide and 33 cc. of water 
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were added. The flask was heated in a boiling water bath for 
6 hours. 95 per cent ethyl alcohol was added in the proportion 
of 50 cc. per 100 gm. of body weight. After a reflux condenser 
was attached, the flask was reheated for 1 hour. The condenser 
was then removed and heating continued until the aleohol had been 
evaporated. The total volume of the residue was measured and 
four 50 cc. portions were transferred to 200 cc. round bottom flasks 
with extended necks. To each was added sufficient 40 per cent 
sulfuric acid to make the contents acid to litmus. The flasks 
were chilled and to each were added 50 cc. of petroleum ether and 
sufficient water to make the total volume 200 cc. The mixtures 
were thoroughly shaken and allowed to stand in the refrigerator for 
4hours. From each flask a 10 ec. portion of the petroleum ether 
layer was transferred to a tared 50 cc. Erlenmeyer flask. The pe- 
troleum ether was removed by evaporation, and the flask dried 
overnight in a desiccator and weighed. The residue is a mixture 
of fatty acids and unsaponifiable material and the results are given 
as the percentage of the residue, referred to as total crude fatty 
acids, in the original body. 


EXPERIMENTAL 


Sertes I—In this series a procedure similar to that reported by 
Supplee and associates was employed. The animals were main- 
tained on the basal diet for 2 weeks, after which all groups, except 
one reserved as a control, received supplements for | week. Basal 
Diet 1 was used and the following quantities of supplements were 
provided in the second period: thiamine, 12.5 micrograms; choline, 
1.3 mg.; riboflavin, 10 micrograms; rice polish concentrate, 300 
mg. per rat per day. 

Fig. 1 shows the curves of average weights of each group of 
animals and Table II summarizes the weight changes and total 
food consumption in the 3rd week and gives the results of fat 
determinations at the end of the experiment. 

Series IJ-—-In this and in Series III there was no depletion 
period; supplements were given from the start of the experimental 
feeding. Basal Diet 2 was used. The quantities of supplements 
reported for Series I were provided in each 10 gm. portion of the 
diet instead of per rat per day. 

Fig. 2 shows the curves of average weights for each group and 
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Table LI] summarizes the weight changes and total food consump- 
tion and gives the results of fat determinations at the termination 
of the experiment. 


no 
Th + Fl+ Rice Polish 
RaT WEIGHT 
100| GRAMS 
+Th+Fl+Ch 
.+Th+Fl 
+Th+Ch 


, +Thiamin 


ee +Choline+ Fl 
Flavi 
- Basal Only 


5 10 15 20 Days 











Fig. 1. Curves of average weights for Series I 


Taste Il 
Effects of V Vitamin B Supplements after Depletion Period 


Average Aaa 
individual | individual Total 

weight food crude fatty 
changes in | intake in acids 

3rd wk. 3rd wk. 








Supplements 














| gm. gm. per cent 

None, control group | —7 35 2.4 
yg. eee +6 55 5.3 
y + choline.............. fidlats did +7 51 4.8 
y + flavin.. ; dimes <del +9 57. |S C5.8 
7 > + ‘choline. SRM +12 | 6 | 4.6 

ne + ‘“ + rice polish concen- 
OF A SI TEE ce oo ee 
I Be ee Cee PAA! —§ 32 | 1.8 
iSO i 5 a ea dees ask’ —6 32 1.7 





Series II1I—The same procedure as in Series II was used; basal 
Diet 3 was employed, and the experimental feeding was continued 
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for 3 weeks instead of 2. Since the weight curves have the same 
general appearance as for Series II, they will not be reproduced. 
Table III summarizes the weight changes and total food consump- 
tion and the fat content of the bodies at the end of the experiment. 


130 | Rar WEIGHT 












Gene aa 
120 
110 J Th+ Rice Polish 
_ The Fl. 
is 07 TheFl+Ch. 
/ 4 AS, Thiamin 
' : Th+Choline 
90 “yY/ hia 
a. NG 
J ; ad \ Flavin 
Pe Basal Only 
al 5 1o is DaYs 


Fic. 2. Curves of average weights for Series Il 


DISCUSSION 


Supplee and associates found, as have others, that the addition 
of riboflavin to a diet deficient in all the B vitamins has little 
effect upon weight changes. Thiamine causes some increase in 
weight; this effect is somewhat augmented by the addition of ribo- 
flavin. Rice polish concentrate was found by Supplee et al. to 
increase the effect of thiamine; the use of all three supplements 
gave the greatest increase in weight. These results have been 
confirmed in the above report. 
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In the experiments described above and in many others con- 
ducted by us thiamine has caused the amount of body fat to be 
greater than inthe unsupplemented controls. This has been inter- 
preted as a demonstration of fat synthesis from carbohydrate, 
since the diets are practically devoid of fat. Riboflavin, as the 
only supplement, has consistently produced a reduction in body 


Taste III 
Effects of Vitamin B Supplements upon Body Weight and Body Fat 


























A verage Average 
Supplements | total pent ey [crude fatty 
duaam intake — 
Series II. Supplemented Diet 2 fed 
| gm. gm. per cent 

None, control group...... | —6 a ie 
EERE, 2 PS Ok © eee Salt 0 115 2.5 
_ , +13 128 4.9 
” + choline.. +13 118 3.9 
7 + flavin......... +18 124 4.7 
“ a Se +16 121 5.5 
“a + rice polish concentrate.... +28 130 6.3 

““ & * sc sé + 
NS les da ahah bd 00s asl wivieee al 6 157 | 9.2 

Series III. Supplemented Diet 3 fed 

EE MID, 0 ns nc eweansveccesvesive —20 113 2.2 
EE. ot, on gawe covk 6006s ...-| —14 141 1.9 
Thiamine ee re — +9 176 4.8 
” + choline......... eae | +11 182 5.0 
- + flavin....... i Re i ..1 +10 178 3.8 
“ + “ + cholin | $1 180 5.3 
eg + rice polish concentrate | +26 210 7.4 

Lai + oe “ee ae a | | 
flavin | +42 250 | 11.2 








fat, although the difference is slight. In conjunction with thi- 
amine, neither riboflavin, choline, nor the two together have 
produced any appreciable change in body fat in comparison with 
animals receiving thiamine only. Rice polish concentrate defi- 
nitely increases the amount of body fat and this is augmented by 
the addition of riboflavin. Since other groups received the same 
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amounts of thiamine and of choline as are present in rice polish 
concentrate, the effect of the concentrate is not due to these con- 
stituents. Supplee ef al. have attributed the influence of rice 
polish concentrate upon weight to its content of vitamin Bg, since 
the weight changes could be correlated to the absence or the pres- 
ence of dermatitis. The concentrate is a crude preparation and 
we refrain from drawing the conclusion that its effect upon body 
fat is due to that vitamin. It is of interest that Halliday (8) 
has found that preparations of vitamin Bs made from liver cause 
a reduction in liver fat, presumably by transport of fat to the 


Tasie IV 
Relative Changes in Crude Fatty Acids, Body Weight, and Food Intake 





Ratios 





. | Total | Ratios of | Ratios | 
Supplements crude fatty) crude of final | of food 
| acids " {fatty acids*) weights* | intake* 
| gm. | | 
None, control group | 2.4 8 38) 1-98 
Flavin...... 2.1 0.9 A Dee 
Thiamine > | Gy f -ha 1.2 1.3 
“ + choline...... | ee Tee 12 | 12 
tthe, do Eas, ae ae ae | 13 | 1.2 
4 + ““ + choline...... S¢ ) 8.9 1.3 1.2 
” + rice polish concen- | 
trate...... pees oe | 30 | 04 |. 12 
Thiamine + rice polish concen- | 
trate + flavin 1g | 50 | 1.7 . ta. 











*In each case the value of the control group is taken as unity. 


depots. We are indebted to Dr. Halliday for allowing us to see 
her paper before publication. 

In the attempt to correlate the weight changes with alterations 
in body fat, it can be said that there appear to be parallel changes 
in body weight and in body fat but the increases in fat only par- 
tially account for the total weight changes. 

Examination of the food intakes would lead to the conclusion 
that the supplements increase food consumption. So far as 
thiamine is concerned Whipple and Church and one of us have 
reported that thiamine causes an increase in weight and in body 
fat in paired feeding experiments. When rats are allowed to eat 
freely, there is an increased effect of thiamine due to appetite 
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stimulation. We believe that the same can be said for the other 
supplements and that part of the effects reported in this paper are 
due to increases in food consumption. Calculations of the ratios 
of total crude fatty. acids, body weights, and food intakes, the 
value of the control group being taken as unity in each case, have 
been made. The results for Series II are reported in Table IV, 
The results for the other series are entirely similar but are omitted 
for brevity. These ratios indicate that there is parallelism be- 
tween body weight and food intake but not between these two 
and body fat. This is increased entirely out of proportion to 
the food intake. 

In studies upon fat movement and fat metabolism a number of 
dietary constituents may influence the results. Since the effects 
of some are complementary and of others antagonistic in laying 
down body fat, the final results will depend upon the relative 
proportions of the various factors. The results which we have 
reported were complicated by the lipotropic action of dietary casein 
which encouraged an increase in body fat. Not only will the 
amount of casein influence the result but different caseins have 
different lipotropic effects. The quantity and kind of casein used 
should be considered in work of this nature upon fat metabolism. 


SUMMARY 


In confirming the reports of Supplee et al. that thiamine, ribo- 
flavin, and rice polish concentrate have associated effects upon 
the body weights of young rats, it has been found that these 
supplements have associated effects upon the amount of body fat, 
partially accounting for the increases in body weight. 
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THE PROTAMINE SALTS OF PHOSPHATIDES, WITH 
REMARKS ON THE PROBLEM OF LIPOPROTEINS* 
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Physicians and Surgeons, Columbia University, New York) 


(Received for publication, July 16, 1938) 


In the course of a study of the rdle of protamines in blood 
coagulation, to be described in the paper immediately following 
(1), it was observed that a stable emulsion of highly purified 
cephalin gave a characteristic precipitate on addition of a solution 
of the protamine salmine. In contrast, neither lecithin nor 
sphingomyelin produced precipitates under similar conditions. 
This reaction which seemed to offer a convenient model for the 
formation of complexes between phosphatides and proteins war- 
ranted a closer investigation. That the precipitation of cephalin 
was not a simple flocculation due to a salt effect could be imme- 
diately seen from the fact that the isolated precipitates could not 
be reemulsified in water. On drying, powders of high nitrogen 
content were obtained (P:N = 1:4 or 1:5) which in contact with 
water swelled to form a rubber-like elastic mass. The products 
were soluble in organic solvents, could be recrystallized unaltered 
from ethyl acetate, and did not change their composition follow- 
ing treatment of their solutions in ether with dilute acids or 
reprecipitation with acetone. 

From the behavior of the cephalin-salmine compounds it may 
be concluded that they are not simple adsorbates, but water- 
insoluble salts between the acidic cephalin and the strongly basic 
salmine. A study of the influence exerted by buffers of varying 
pH on this reaction showed that the immediate formation of the 
insoluble precipitate took place over the entire range examined; 
viz., from pH 2to 11. This is noteworthy because of the possible 


* This work has been supported by a grant from the John and Mary R. 
Markle Foundation. 
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conclusion that certain proteins not as markedly basic as salmine, 
the isoelectric point of which has been found at 12 (2), may form 
compounds with cephalin at a physiological pH. 

With lecithin no such compound formation took place within 
the physiological range. In strongly alkalme buffers, however, 
at pH 10 and 11, there occurred the formation of insoluble com- 
pounds. 

This significant difference in the behavior of cephalin and leci- 
thin towards the protamine may be understood from a considera- 
tion of the polar characteristics of these phosphatides. 


CH,OR CH,OR 
CHOR CHOR 
l 
| ' 
CH,O oO CH,0 O 

\ / 

X74 "Seg 

P P 
@ N &@™ 
O O-CH,-CH;-N(CHs); O O-CH,-CH,-NH{ 
Lecithin Cephalin 


Lecithin, which contains the strong base choline, is an internally 
neutralized compound. In recent determinations (3) its isoelectric 
point was found at 6.7. Cephalin, on the other hand, which con- 
tains the weaker base ethanolamine, has markedly acidic proper- 
ties. According to Griin and Limpiicher (4) and Rudy and Page 
(5) cephalin under certain conditions is titrated as a monobasic 
acid towards phenolphthalein, whereas lecithin is neutral. In a 
more recent investigation Fischgold and Chain (6) come to the 
conclusion that at acid reaction both lecithin and cephalin are 
able to bind 1 equivalent of H* ions, whereas at alkaline reaction 
only cephalin gives up 1 equivalent of H* ions. 

As to the chemical nature of the extremely stable products 
obtained by the reaction of cephalin and salmine, the most likely 
assumption is that of salt formation between the strongly basic 
protamine and the acidic phosphatide. On the basis of their 
phosphorus and nitrogen contents the substances consisted of 
about 80 per cent of cephalin and of 20 per cent of salmine. 

The bearing of the experiments here discussed on the problem 
of lipoproteins is obvious. Although the existence of lipid-pro- 
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tein complexes' in nature has long been assumed, experimental 
work with regard to the nature of these complexes has been scanty. 
One group of workers chose the preparatory approach to the 
problem by attempting the synthesis of complexes between serum 
or egg albumin (8-11), zein (10), or caseinogen (12) and lecithin. 
That these attempts did not lead to stable compounds may, in 
the light of the results here reported, be partly due to the fact 
that lecithin, in contrast to cephalin, is not appropriate for model 
experiments of this nature. Another group of workers (13-15) 
investigated the influence of proteins on the flocculation of leci- 
thin sols. In these studies cephalin does not seem to have been 
used either. 

Because of the inconclusive results obtained by other workers, 
orienting experiments were carried out on the formation of com- 
pounds between highly purified samples of egg albumin and leci- 
thin or cephalin at various pH levels. It was of great interest to 
find that also with egg albumin immediate compound formation 
appeared to occur only in the case of cephalin. The precipitation 
of cephalin complexes took place at pH 2, 3, and 4. The much 
narrower range within which cephalin-albumin complexes are 
formed, as compared with the formation of compounds with sal- 
mine, is in entire harmony with the position of the isoelectric 
points of the two proteins, egg albumin having its isoelectric point 
at 4.8, salmine at 12.* 

Lipoproteins have an important function in many biological 
processes. The natural activator of blood coagulation, the 
thromboplastic factor, apparently is a complex between cephalin 


1 The indiscriminate use of the term lipoproteins (e.g. (7)) for complexes 
between proteins and phosphatides, sterols, glycerides, and fatty acids 
respectively is confusing. Besides, one ought to distinguish between 
compounds, as the phosphatides, containing functional groups which make 
possible a combination with proteins by primary valence forces, and the 
sterols, for example, which, if they combine with proteins at all, could only 
do so by an attraction due to secondary valence forces. 

* It will be of interest to study the formation of compounds between 
cephalin and proteins having more basic isoelectric points than egg albu- 
min, which ought to take place within the physiological pH range. In 
view of the importance of cephalin-protein complexes in blood coagulation 
it should be noted that the isolation of two basic fibrinogen fractions has 
been reported with isoelectric points at pH 8.5 and 12.4 respectively (16) 
(compare, however (17)). 
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and a probably specific protein (18). The importance of lipid- 
protein complexes in immunology (19-21) can only be mentioned 
here. 

When the salt-like nature of lipoproteins is put forward as a 
possible formulation of these compounds, it should be kept in 
mind that the fact that lecithin and cephalin usually occur to- 
gether by no means connotes a common physiological function of 
the two. It is entirely possible that cephalin will be found to be 
a structural component of the organism, whereas lecithin may be 
concerned with the intermediary fatty acid metabolism. It is 
hoped that the use of the radioactive phosphorus isotope };P as 
a label will be of value for investigations of this type. 


EXPERIMENTAL 
Material 


Cephalin — Two different samples of cephalin were used in 
these experiments. One was a freshly isolated preparation from 
beef brain, obtained by extraction of the acetone-dried organ with 
petroleum ether (b.p. 30-60°). This material* was freed of cere- 
brosides by repeatedly freezing its solutions in ether and petroleum 
ether, and separated from lecithin by numerous precipitations 
with alcohol from petroleum ether solution. The cephalin, Frac- 
tion C-1, formed an almost white powder. Analysis, found, C 
61.2, H 9.4, P 3.5, N 1.7, amino N 1.4, P:N = 1:1.1, P:amino 
N = 1:0.9. 

The other cephalin preparation used was an older sample that 
had been extracted from sheep brain by means of ether and stored 
under CO, for some time. In order to purify this material two 
methods were attempted which, since they may be of general 
interest, will be briefly described. One method involved the 
chromatographic adsorption of the cephalin to aluminum oxide 
(activated according to Brockmann). A solution of 1.12 gm. 
of cephalin in 50 ce. of a mixture of equal parts of petroleum ether 
(b.p. 30-60°) and ligroin (b.p. 70-90°) was slowly filtered through 
an adsorption column (150 X15 mm.). The chromatogram 
then was developed with 70 cc. of the petroleum ether-ligroin 


* We are indebted to Mr. H. D. Hoberman for this preparation. 
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mixture. The colorless filtrate was concentrated in vacuo, and 
the ether solution of the residue was centrifuged, concentrated, 
and precipitated with acetone. The cephalin, Fraction C-2, 
weighed 0.44 gm. and formed a white powder. Analysis, found, 
C 55.8, H 9.0, P 4.0, N 1.9, amino N 1.7, P:N = 1:1. 

The second method consisted in the distribution of the material 
between two solvents; viz., petroleum ether-ligroin and diacetone 
alcohol, CH;-CO-CH,-C(CH;),0H. While the dry solvents are 
perfectly miscible, the addition of 1 per cent of water to the diace- 
tone alcohol is sufficient to produce a sharp separation into two 
layers. Of the crude cephalin, 10.0 gm. were dissolved in 100 
ec. of petroleum ether-ligroin (1:1), 40 ec. of freshly distilled 
diacetone were added, followed, after being mixed, by 0.4 cc. of 
water. The lower layer removed a considerable amount of 
impurities. The process was repeated five times, whereupon the 
solution of the cephalin in petroleum ether-ligroin was slowly 
dropped into 300 ce. of chilled absolute alcohol. The cephalin, 
Fraction C-3, weighed 7.4 gm. and formed a faintly yellow powder. 
Analysis, found, C 54.3, H 8.6, P 4.2, N 1.8, amino N 1.6, P:N = 
1:0.94. 

Lecithin—The lecithin used was freshly prepared from beef 
brain, as described above for the cephalin Fraction C-1. For 
purification it was converted into the cadmium chloride double 
salt. This salt was washed with ether, recrystallized from ethyl 
acetate, and decomposed by passing dry gaseous NH; through its 
chilled solution in chloroform. After removal of the precipitate 
the chloroform solution was concentrated in vacuo and the leci- 
thin was precipitated with acetone. It formed a slightly yellow 
plastic mass. Analysis, found, P 3.9, N 1.9, P:N = 1:1.1. 

Sphingomyelin—In a few experiments pure sphingomyelin 
with a P:N ratio of 1:2 was used, which had been isolated from 
the spleen of a case of Niemann-Pick’s disease.‘ 

Salmine Sulfate—The preparation used was placed at our 
disposal by E. R. Squibb and Sons, New Brunswick, New Jersey. 
After purification by precipitation with alcohol from an aqueous 
solution it formed a white powder. Analysis, found, C 38.1, 
H 6.5, N 17.9, amino N 10.1, S 6.5. 


‘ Chargaff, E., unpublished data. 
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Compounds between Cephalin and Salmine 


The aqueous emulsions of the phosphatides used were obtained 
by treating the material in a mortar with a small amount of water, 
until a homogeneous emulsion was obtained, followed by gradual 
dilution with more water and filtration through a thick layer of 
cotton. In this manner very stable emulsions could be obtained. 

To an emulsion of 3.07 gm. of cephalin, Fraction C-1, in 125 ce. 
of water a solution of 1.0 gm. of salmine sulfate in 50 ec. of water 
was added. A voluminous white precipitate separated imme- 
diately, which was filtered off and repeatedly washed with water 
and acetone. The product, which weighed 2.86 gm., formed an 
almost white powder which was soluble in moist ether, chloroform, 
and warm ethyl acetate and glacial acetic acid: On contact with 
water, in which it is insoluble, it formed a rubber-like elastic mass. 
This substance, like all the other protamine-cephalin complexes 
here described, had no true melting point. When slowly heated 
in a capillary tube, it softened at about 140° and gradually decom- 
posed to form a dark brown, viscous oil. None of the compounds 
described contained sulfur. Analysis, found, P 2.9, N 4.7, 
P:N = 1:3.5. The cephalin content of this preparation may be 
computed to be 84 per cent on the basis of the phosphorus value 
and 85.2 per cent on the basis of the nitrogen value. 

A solution of 1.0 gm. of this substance in ether was repeatedly 
shaken with dilute sulfuric acid. The ethereal solution was 
washed with water, dried over Na»SO,, and concentrated to a 
small volume. After precipitation with acetone 0.72 gm. of a 
white powder was obtained whith had the same properties as the 
original product. Analysis, found, P 3.1, N 5.1, P:N = 1:3.6. 

From a filtered solution of 500 mg. of the original product in 20 
ce. of warm chloroform 440 mg. of a practically unchanged sub- 
stance were obtained by precipitation with acetone. Analysis, 
found, P 3.1, N 5.0, P:N = 1:3.5. 

The cephalin-salmine complex can also be recovered unchanged 
from hot ethyl acetate. A filtered solution of 300 mg. of the 
substance in 15 cc. of hot ethyl acetate on cooling yielded 240 mg. 
of a slightly yellow amorphous powder. Analysis, found, P 3.0, 
N 4.6, P:N = 1:3.4. This complex contained 85 per cent of 
cephalin according to both the nitrogen and phosphorus values. 

















E. Chargaff 667 


In order to ascertain whether the relative proportion of cephalin 
and salmine materially affected the composition of the final prod- 
uct, in another experiment the complex was prepared with an 
emulsion of 1.0 gm. of cephalin, Fraction C-1, and 1.0 gm. of 
salmine in a total volume of 100 cc. of water. The product ob- 
tained weighed 0.95 gm. Analysis, found, P 2.8, N 5.9, P:N = 
1:4.7. This complex contained 80.5 per cent of cephalin on the 
basis of its phosphorus value and 79.1 per cent according to the 
nitrogen value. 

From another cephalin preparation, Fraction C-3, a similar 
substance was obtained. From 125 cc. of a 1.3 per cent cephalin 
emulsion and 25 cc. of a 2.2 per cent salmine solution, 1.61 gm. 
of the complex were prepared. Analysis, found, P 2.9, N 6.5, 
P:N = 1:5. The composition of this compound was likewise 
not changed by treatment with acids or recrystallization. 

The experiments here described tend to demonstrate the re- 
markable stability of the complexes between cephalin and salmine. 

Lecithin or Sphingomyelin and Salmine—A number of experi- 
ments with lecithin and salmine in varying proportions, as de- 
scribed above for cephalin, did not lead to any definite compounds. 
Several hours after the addition of the protamine solution to the 
lecithin emulsion a slight flocculation had taken place. The fine 
floccules were centrifuged off. After repeated washing with 
water, in which they could be easily emulsified, and treatment with 
acetone, unchanged lecithin was recovered. 

Because of the limited amount of pure sphingomyelin at our 
disposal, only a few orienting experiments were carried out. 
These showed, however, that sphingomyelin was not precipitated 
by the addition of salmine. 

Influence of pH on Precipitation of Phosphatide-Salmine Com- 
pleres—In order to study the formation of the compounds 
between phosphatides and salmine at different hydrogen ion 
concentrations, a series of experiments in buffer solutions was 
earried out. Between pH 1.92 and 5.96 citrate buffers were used; 
between pH 6.97 and 9.18 phosphate buffers; for pH 10.1 and 11 
ammonia-ammonium chloride buffers were employed. The 
results are reproduced in Table I. As control, the behavior of 
lecithin emulsions at different pH levels without the addition of 
salmine was examined. The results, reproduced in Table II, are 
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TaBLe I 
Reaction between Phosphatides and Salmine at Various pH Levels 


Each tube contained 10 mg. of the phosphatide emulsified in 0.5 cc. of 
water, 0.5 cc. of the buffer, and 5 mg. of salmine dissolved in 0.5 cc. of water. 























\Cephalin, immediately Lecithin 
pH after addition of = 7 : gee 
salmine Immediately after 80 min. after addition 
addition of salmine of salmine 
1.9 + - - 
3.0 + ~_ x 
3.9 + sin x 
5.0 + = x 
6.0 + pe x 
7.0 + i x 
8.0 + mn x 
9.2 + ~ x 
10.1 + + 
11.0 + + 
+ = heavy precipitate which could not be reemulsified. xX = fine 
flocculation, easily reemulsified. — = no flocculation. 
TaB_e II 


Stability of Lecithin Emulsions at Various pH Levels 
Each tube contained 10 mg. of lecithin emulsified in 1 cc. of water and 
0.5 ce. of the buffer. 














Lecithin 
pH ae ers = 
After 40 min. After 80 min. 
1.9 - - 
3.0 4 x 
3.9 x x 
5.0 - x 
6.0 _ x 
7.0 = = 
8.0 _ an 
9.2 —- on 
10.1 - _ 
11.0 - id 
X = fine flocculation, easily reemulsified. — = no flocculation. 
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in general agreement with the findings of Remesow (22). In the 
experiments recorded in Tables I and II no additional changes 
were observed in repeated readings during a period of 18 hours. 
Emulsions of cephalin alone were stable at all pH levels studied. 

These experiments showed clearly that cephalin reacted with 
salmine within the entire range between pH 2 and 11, lecithin 
only at pH 10 and 11. At lower pH levels, the addition of sal- 
mine to an emulsion of lecithin seems merely to decrease the 


Tasie III 
Reaction between Phosphatides and Egg Albumin at Various pH Levels 


Each tube contained 10 mg. of the phosphatide emulsified in 0.5 ec. of 
water, 0.5 cc. of the buffer, and 5.3 mg. of egg albumin dissolved in 0.5 ce. 
of water. 





Lecithin 





Icephalin, immediately | 
pH | after addition of Ses — 

egg albumin | Immediately after 8% min. after addition 
| laddition of egg albumin of egg albumin 


Se | | 


1.9 + 

3.0 | + _ | 
3.9 + 
5.0 a | 
6.0 = = 

7.0 R as | 
8.0 = aed 


KKK I 





9.2 - _ 
10.1 - - 
11.0 - - 





+ = heavy precipitate which could not be reemulsified. x = fine 
flocculation, easily reemulsified. — = no flocculation. 





stability of the emulsion. It should perhaps be mentioned that 
at the concentrations studied salmine itself did not show any 
spontaneous precipitation. 

Precipitation of Phosphatide-Egg Albumin Complexes—In 
these experiments highly purified egg albumin was used. This 
material which had been twelve times recrystallized was kindly 
placed at our disposal by Dr. M. Heidelberger. The experiments 
carried out were similar to those with salmine described in the 
preceding paragraphs. From the results summarized in Table 
{IT it will be seen that cephalin immediately formed characteristic 
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precipitates with egg albumin at pH 2, 3, and 4, whereas with 
lecithin the same type of slow flocculation of the emulsions oc- 
curred as in the control experiments reproduced in Table IT. 


The author is indebted to E. R. Squibb and Sons, New Bruns- 
wick, New Jersey, for the sample of salmine sulfate. He wishes 
to thank Mr. W. Saschek for numerous microanalyses, and Mr. 
Bernard Kress for general assistance. 


SUMMARY 


The preparation of compounds between cephalin and salmine 
and the properties of these substances are described. The sig- 
nificance of the findings with regard to the problem of lipoproteins 
is discussed. 
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An investigation of the réle of protamines in blood coagulation 
must start from the following facts. (a) Protamines act as anti- 
coagulants both in vivo (1) and in vitro (2). (b) Protamines 
inhibit the anticoagulant effect of heparin both in the living 
organism and in plasma (3). To these observations a third must 
now be added. Cephalin is precipitated from its emulsions in 
water by the protamine salmine which forms with it an insoluble 
complex (4). Protamines are of interest in an analysis of the 
blood clotting mechanism, as they combine with two important 
agents which, although not antagonists, have opposite effects on 
clotting; viz., with heparin which inhibits, and with cephalin 
which activates the coagulation of blood and plasma. 

The present paper has the double purpose of supplementing a 
previous communication from this laboratory (3) by furnishing 
a brief description of the compound between heparin and salmine, 
and of analyzing the effects of protamines on clotting inhibitors 
and activators. 


EXPERIMENTAL 


Compound between Heparin and Salmine—In these experiments 
a heparin preparation from beef lungs (5) was used which had an 
anticoagulant potency of 530 inhibitor units per mg. (6). A 
neutral solution of 1.01 gm. of this material in 50 cc. of water was 
made slightly acid with acetic acid and filtered. On addition of 
0.37 gm. of salmine sulfate in 30 cc. of water immediate precipita- 


* This work has been supported by a grant from the John and Mary R. 


- Markle Foundation. 
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tion took place. After addition of 1.5 cc. of glacial acetic acid 
the mixture was chilled for several hours. The precipitate which 
was removed by centrifugation formed a slightly yellow, elastic 
sheet. It was washed with 5 per cent acetic acid and subsequently 
triturated with absolute alcohol, when it disintegrated to a faintly 
yellow powder which after drying weighed 0.48 gm. Analysis, 
found, N 14.3, 8 (volatile) 6.7, ash 0.8, amino sugar 11.7 (calcu- 
lated as glucosamine).! 

Heparin which probably is a high molecular sulfuric acid ester 
(8) is usually found to contain a large amount, about 35 per cent, 
of inorganic sulfates as ash. The fact that our product was 
practically free of ash and contained the total sulfur in volatile 
form shows that the strongly basic protamine had replaced the 
cations of heparin to form a salt between salmine and heparin. 

As was to be expected from our previous experiments (3), a 
fine suspension of the heparin-salmine salt in physiological saline 
did not show any effect on clotting, when examined according to 
the method employed in this laboratory (6). 

The complex between heparin and salmine here described is to 
a certain degree reminiscent of the compounds of clupein with 
various acids described by Felix and Mager (9) and of the protein 
complexes of chondroitinsulfurie acid prepared by Meyer, Palmer, 
and Smyth (10). 

The protamine-heparin complex was found remarkably stable. 
Repeated treatment with 10 per cent CaCl, solution (11), for 
instance, did not set free any heparin. Even by extended tryptic 
digestion only little heparin, although of higher purity, was 
liberated. A suspension of 390 mg. of the salt in 15 cc. of 0.5 .N 
ammonia-ammonium chloride buffer of pH 9.2 was incubated 
with 50 mg. of trypsin (Fairchild) at 38° for 48 hours. During 
this period the mixture did not change its appearance appreciably. 
The undissolved material was centrifuged off and washed with 
1 N ammonia. The fraction that had gone into solution was 
precipitated from the combined supernatant liquids with acetone, 
centrifuged off, washed with acetone and ether, and dried. It 
weighed 53.5 mg. and formed an almost white powder. The 


1 The author wishes to thank Dr. K. Meyer of this School for the amino 
sugar determination which was carried out according to the method of 
Palmer, Smyth, and Meyer (7). 
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recovered heparin showed a considerably higher anticoagulant 
potency (2500 inhibitor units per mg.) than the original product. 

In order to arrive at a better characterization of this heparin 
fraction it was converted into the barium salt according to the 
method of Charles and Scott (12). The product obtained con- 
sisted of microscopic needles, weighing 31.9 mg., but was not 
identical with the crystalline barium salt of heparin described by 
these authors. Analysis, found, C 26.6, H 5.4, N 3.1, 8 8.6, ash 
(BaSO,) 21.4, Ba 12.6. It can be seen that there was almost 
twice as much volatile 8 as was contained in the ash. The anti- 
coagulant activity of this fraction was 1600 inhibitor units per mg. 

A study of the influence of the pH on the precipitation of the 
heparin-salmine compound, as described in the preceding paper 
(4), showed compound formation to take place over the entire 
range examined between pH 2 and 11. 

Salmine and Anticoagulants—The anticoagulants examined 
fall into two distinct groups with regard to their behavior towards 
salmine. The following substances were practically completely 
inactivated by the protamine: heparin (3), cellulose sulfuric acid, 
polyvinyl sulfuric acid, the lipid inhibitors of clotting recently 
isolated from brain and blood cells (13), and the synthetic cere- 
bron sulfuric and kerasin sulfuric acids (14). It will be seen that 
all the synthetic substances are, and the natural anticoagulants 
may be assumed to be, strong acids which in all likelihood com- 
bine with the basic protamine to form insoluble salts. It is 
remarkable that the combination of the salmine with heparin can 
be effected during a considerable period after the injection of the 
latter into the blood stream or the addition of it to plasma in vitro. 

The anticoagulants not affected by protamines comprise 
sodium oxalate and sodium citrate. 

The addition of salmine, which is itself an anticoagulant, to 
plasma containing heparin brings about a considerable decrease 
in the coagulation time of the plasma. It, therefore, was thought 
possible to ascertain by means of the protamine reaction whether 
normal plasma contained an anticoagulant of the heparin type. 
In these experiments very small amounts of salmine (0.06 to 8.5 
micrograms) were added to 0.1 cc. of unactivated chicken plasma 
(6). There was, however, no decrease in the clotting time, as 
might have been expected if small amounts of heparin had been 
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bound by the protamine. One may conclude that heparin, at 
least in an uncombined state, does not occur in chicken plasma. 

Salmine and Cephalin—Cephalins, or possibly certain repre- 
sentatives of the cephalin group, are known to be potent activators 
of blood clotting (compare Figs. 1 and 2 (15)). It is assumed 
that the thromboplastic factor contained in most tissues is a 
complex between cephalin and a protein. 

In the preceding paper the preparation of cephalin-salmine com- 
plexes was described (4). The addition of a suspension of this 
material to unactivated chicken plasma had no effect whatever 
on the plasma clotting time. This was in sharp contrast with the 
high activating potency of the uncombined cephalin. These 


TaBLe I 
Effect of Salmine on Clotting of Cephalin-Containing Chicken Plasma 





Bc 
Cephalin in 0.1 ce. chicken | Clotting time 
plasma | 








Experiment A Experiment B 
mg. min. - ein. 
0.03 5 25 
0.016 10 30 
0.008 15 30 
0.004 25 35 
0.002 30 40 
0 30 45 





In Experiment A the chicken plasma contained only cephalin; in Experi- 
ment B 0.005 mg. of salmine had been added to each sample of cephalin- 
containing plasma. 


experiments showed that under proper conditions cephalin and 
salmine were able to counteract each other’s action: the activator 
cephalin reacted with the inhibitor salmine. 

The antagonistic effect of salmine on the activation of plasma 
clotting by cephalin can also be demonstrated, although not as 
clearly, by the addition of small amounts of salmine to cephalin- 
containing chicken plasma. A typical experiment is reproduced 
in Table I. 


DISCUSSION 


The ability of protamines to destroy the inhibiting effect of 
anticoagulants may find various applications which have been 
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discussed in a previous publication from this laboratory (3). In 
the experiments cited above the protamine reaction failed to 
establish the presence of small amounts of heparin in normal 
chicken plasma. The presence of heparin or a similar substance 
in the blood of dogs during anaphylaxis and in peptone shock has 
recently been demonstrated by means of the protamine reaction 
(16). 

In view of the results reported here a new explanation for the 
anticoagulant effect of protamines may be put forward, The 
anticoagulants can be grouped into (a) substances reacting with 
the calcium ion necessary for clotting (sodium citrate or oxalate), 
(b) substances reacting with the prothrombin or thrombin (or, 
perhaps, with the fibrinogen) either by blocking certain groups 
that are necessary for the conversion of fibrinogen into fibrin, or 
by offering a substitute substrate to the enzyme, thereby protect- 
ing the fibrinogen (heparin, synthetic anticoagulants, hirudin), and 
(c) substances reacting with the cephalin or the thromboplastic 
factor. No anticoagulant of the third group has as yet been 
satisfactorily demonstrated. From the experiments reported 
here it can be concluded that the action of protamines in blood 
clotting is at least partly due to the inhibition of the clotting 
activator. 


The author is indebted to Hoffmann-La Roche, Inc., Nutley, 
New Jersey, for some of the heparin used in the experiments, and 
to E. R. Squibb and Sons, New Brunswick, New Jersey, for a 
sample of salmine sulfate. Thanks are due to Miss Hildegard 
Menzel and Mr. Bernard Kress for assistance in the course of 
these experiments. 


SUMMARY 


The properties of a heparin-salmine complex are described. It 
is shown that the complexes between salmine and heparin or 
cephalin are both inactive in blood clotting. The effect of prota- 
mines on plasma containing inhibitors or activators of blood 
clotting is discussed. The anticoagulant effect of salmine is 
explained on the ground that it combines with the natural activa- 
tor of coagulation. 
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By ERWIN CHARGAFF 
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Physicians and Surgeons, Columbia University, New York) 


(Received for publication, July 16, 1938) 


In recent communications from this laboratory (1, 2) has been 
reported the isolation from brain, spinal cord, and blood cells, of 
lipid fractions which acted as inhibitors of blood clotting. It was 
demonstrated that these compounds were associated with the 
sphingomyelin fraction and that substances of similar activity 
could be synthesized by esterification of cerebron and kerasin 
with sulfuric acid (3). 

In the course of a study of the chemical composition of the 
spleen in a case of Niemann-Pick’s disease, which will be presented 
in the near future, particular attention was devoted to the ques- 
tion whether in this case also the sphingomyelin fraction contained 
a lipid inhibitor. If one assumes that in primary disturbances of 
metabolism, metabolic occurrences which in the normal organism 
take place to a slight degree only or as intermediary stages, are 
enormously magnified, the presence of the lipid inhibitor in a case 
of lipidosis, as Niemann-Pick’s disease, will tend to emphasize 
its natural réle as a companion of sphingomyelin. After incon- 
clusive analyses had been reported by various workers, Klenk 
(4) succeeded in showing that the phosphatide deposited in large 
amounts in the spleen, liver, and brain in Niemann-Pick’s disease, 
consisted mainly of sphingomyelin. 

It, therefore, was of interest to find that the sphingomyelin 
fraction extracted by chloroform-methy! alcohol from the spleen 


* This work has been supported by a grant from the John and Mary R. 
Markle Foundation. 
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in a case of this disease contained a potent anticoagulant which 
could be separated from sphingomyelin by precipitation from 
ligroin solution by absolute alcohol. The most active inhibitor 
fraction obtained, which had a higher potency than the fractions 
described previously (2), contained in addition to nitrogen and 
phosphorus an appreciable amount (2.7 per cent) of sulfur. This 
is in harmony with the view stated before (2, 3) that the lipid 
inhibitors, like many other anticoagulants (5), are sulfuric acid 
esters. 


EXPERIMENTAL 


Extraction of Spleen—The organ used had been removed by 
operation from an 8 month-old male child suffering from Nie- 
mann-Pick’s disease. The spleen weighed 180 gm. The extrac- 
tion of the lipids was in the main carried out according to Klenk 
(4). In the present paper only the sphingomyelin fraction will 
be discussed, the presentation of the other results being reserved 
for a subsequent publication. 

The part of the spleen placed at our disposal (105 gm.) was 
twice extracted in the Soxhlet apparatus with acetone (for 14 
and 8 hours), then once with ether for 18 hours, and once for 12 
hours with methyl alcohol-chloroform (3:1). All the solvents 
were freshly purified. The acetone extract on cooling deposited 
3.6 gm. of a mixture of sphingomyelin, monoaminophosphatides, 
and cholesterol, from which by the usual purification and _re- 
crystallization from ethyl acetate 1.04 gm. of pure sphingomyelin 
were obtained.' This fraction had no anticoagulant activity. 

The main portion of crude sphingomyelin (5.5 gm.) was obtained 
from the chloroform-methyl alcohol extract by concentration 
and precipitation with acetone. This fraction showed inhibiting 
activity. 

Fractionation of Crude Sphingomyelin—The fraction was almost 
completely insoluble in cold ether. After treatment of the total 
with ether 5.4 gm. of a light brown powder were obtained. The 


! It should be pointed out that, in view of previous experiences concern- 
ing the anticoagulant effect of cadmium salts (2), the use of cadmium 
derivatives for the purification of the substances discussed in this paper 
had to be avoided. 
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anticoagulant activity of this material, Fraction /, is shown in 
Table I. 

Fraction 1 was treated with 40 cc. of warm glacial acetic acid 
in the usual manner (2). The absence of cerebrosides was 
demonstrated by the almost complete solubility of the material 
in acetic acid. The substance recovered from the concentrated 


Tasie | 
runNG Activities of Fractions from Sphingomyelin 











A 0.1 | Clotting time 
Fraction No. mount in ce 
plasma | — - otha Cation stein 
ad | min. min. 
l | 0 | 6 
0.04 8 
| 0.08 8 
0.17 10 
| 0.34 | 20 
| 0.68 | 30 
3 0 | 6 
0.015 6 
| 0.03 12 
| 0.06 | 18 
0.12 27 
0.24 | 36 
| 0.48 55 
4 0 16 sal 
| 0.03 2] 65 
0.07 | 28 125 
0.15 45 335 
0.30 105 > 385 





0.60 >240 > 365 





solution by precipitation with acetone, Fraction 2, weighed 5.13 
gm. and showed the same activity as Fraction 1. 

To a solution of 5.08 gm. of Fraction 2 in 35 ec. of ligroin- 
absolute alcohol (5:1) 70 ec. of absolute alcohol were added. The 
mixture was chilled and filtered; the precipitate was washed with 
alcohol and dried. The product, Fraction 3, 0.79 gm. of a light 
brown powder, possessed increased anticoagulant potency, as 
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shown in Table I. The pure sphingomyelin recovered from the 
alcohol solution was inactive. 

Fraction 3 (0.74 gm.) was treated with 25 cc. of a warm mix- 
ture of 5 parts of ligroin and 1 part of absolute alcohol. The 
insoluble fraction was again treated with the same solvent mixture, 
separated by centrifugation, and dried. The resulting material, 
Fraction 4, weighed 0.14 gm. and formed a brown powder. Analy- 
sis, found, N 7.5, P 3.3, 8 2.7. This fraction was a very potent 
anticoagulant, as shown in Table I. 


The author is indebted to the Medical Staff of Babies Hospital 
for the spleen used in these experiments. Thanks are due to 
Mr. W. Saschek for the microanalyses and to Miss Hildegard 
Menzel for technical assistance. 


SUMMARY 


The isolation and properties of a lipid fraction from the spleen 
of a case of Niemann-Pick’s disease are described, which inhibits 
the clotting of blood. 
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PROPERTIES OF THE ANTIHEMORRHAGIC VITAMIN 
(VITAMIN K) 


By A. A. KLOSE, H. J. ALMQUIST, anv E. MECCHI 


(From the Division of Poultry Husbandry, College of Agriculture, 
University of California, Berkeley) 


(Received for publication, July 19, 1938) 


The effect of certain reagents and treatments on the antihemor- 
rhagic vitamin (K) has been discussed in former papers (1, 2). 
This work has been repeated and extended. In addition, several 
attempts have been made to form derivatives of vitamin K that 
would provide a way for further purification. The present physi- 
cal methods for purification of the vitamin (2) have reached about 
the limit of their effectiveness. It is hardly necessary to state 
that the final products of such methods may easily be a mixture 
of constant composition rather than the pure vitamin. Hence, 
further means of purifying the vitamin must be discovered if the 
vitamin is to be isolated in what may be considered a condition 
of purity. 


Methods and Results 


Biological assays were conducted in accordance with a proce- 
dure already described (3). For the most part chicks were fed 
the basal diet for the Ist week, then fed supplemented diets up to 
an age of 2 weeks. Suitable positive control groups were included 
in each assay. These groups received diets supplemented with 
known quantities of a reference standard consisting of a crude 
hexane extract of dried alfalfa, preserved for such purpose. Nega- 
tive control groups receiving only the basal diet were also main- 
tained throughout an assay. Five to ten chicks were placed in 
each test group. 

The concentrate used was that obtained by distillation under 
greatly reduced pressure (2). The quantity of this concentrate 
per kilo of diet required to bring the average blood clotting time 
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of chicks to a value below 5 minutes was determined in advance. 
Then similar quantities of the vitamin concentrate were treated 
in various ways and fed to chicks in a comparable manner. When 
polar solvents were used in the chemical treatments, the material 
fed was the hexane extract of the reaction mixture, this extract 
having been washed with water until all water-soluble substances 
had been removed. When non-polar solvents were used, the 
reagents were washed from the final product by suitable aqueous 
solutions, the non-polar solvent evaporated in vacuo at room 
temperature, and the oily residue taken up in hexane. 

The former experiments with phenyl isocyanate and 3 ,5-dini- 
trobenzoyl chloride (1) were repeated and confirmed. Neither 
of these reagents for an alcoholic hydroxyl group appeared to 
form a derivative or to diminish the activity of the concentrate. 
Treatment with benzoyl chloride seemed to cause some loss of 
activity. The loss, however, was traced to the pyridine used as 
solvent in this particular case and, after redistillation of the pyri- 
dine, the use of benzoyl chloride had no detectable effect on the 
activity of the concentrate. A quantity of the concentrate was 
heated with acetic anhydride at 100° for 1 hour. Hexane was 
then added and the hexane solution washed several times with 
water. The material in the hexane extract was fully as active as 
the original concentrate. 

An attempt was made to prepare the allophanate derivative of 
the vitamin according to the procedure of Windaus (4). A ben- 
zene solution of the concentrate was saturated with cyanic acid 
gas and allowed to stand at 0° for 2 weeks. The assay of this 
benzene solution demonstrated no loss in potency. 

The former experiments with bromine and iodine in carbon 
tetrachloride (1) were repeated and the same results obtained. 
10 minutes contact with bromine in carbon tetrachloride in the 
dark at room temperature completely destroyed the potency of 
the concentrate, while a similar treatment with iodine had no 
effect. Additional bromination experiments were made in which 
an attempt was made to restore the potency of the bromination 
product by regenerating any double bonds which had been satu- 
rated by the bromine. The bromination was carried out in 
benzene solution in the dark. The regeneration of the double 
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bonds was attempted with zine and glacial acetic acid in one 
experiment, and with potassium iodide in absolute ethyl alcohol 
in another experiment. In both cases there was no activity in 
the final product. Treatment of the concentrate with the mild 
brominating agent, 3,5-dibromopyridine, in carbon tetrachloride 
in the dark for 48 hours had no effect on the potency. 

When the concentrate was allowed to react with a dilute solu- 
tion of hydrogen iodide in glacial acetic acid in the dark for 24 
hours, the activity was completely destroyed. 

In general, oxidizing agents had a destructive action on the 
vitamin. A few drops of concentrated nitric acid were added to 
a solution of the concentrate in glacial acetic acid. The nitric 
and acetic acids were removed by adding hexane and washing 
the hexane extract with water several times. If the concentrate 
was allowed to remain in contact with the nitric acid for 4 hours 
at room temperature, there was no loss in potency; 24 hours at 
room temperature resulted in a small loss, while half an hour’s 
contact at 100° completely destroyed the potency of the vitamin. 
A distinctly positive test for an aromatic nitration product was 
obtained when the oily residue from the evaporation of the final 
hexane extract was dissolved in absolute ethyl alcohol, and a 
solution of potassium hydroxide in ethyl aleohol added. 

Treatment of the concentrate with sodium dichromate in 
glacial acetic acid solution for 24 hours at room temperature 
resulted in a partial loss in activity; the same treatment for half 
an hour at 100° gave complete destruction. When the concen- 
trate was allowed to remain in contact with ferric chloride in 
glacial acetic acid for 24 hours, there was partial loss in potency. 

Reducing agents, acting as such, had little or no effect upon the 
vitamin. Treatment of the concentrate with stannous chloride 
in glacial acetic acid at 100° for half an hour had no effect on the 
potency; nor did a similar treatment with metallic iron have any 
destructive results. 

A 24 hour treatment with sodium sulfite in glacial acetic acid 
partially destroyed the activity. The potency of the concentrate 
was completely destroyed by a 24 hour exposure to a saturated 
solution of hydrogen sulfide in glacial acetic acid. 

The effect of hydrogen cyanide on the activity was noted by 
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heating the concentrate at 100° for half an hour in a solution of 
glacial acetic acid to which a small amount of sodium cyanide 
had been added. There was no resulting loss in potency. 

Exposure of the concentrate in a hexane solution to concen- 
trated sulfuric acid for 24 hours at room temperature gave com- 
plete loss of activity. Phosphorus pentoxide also caused consider- 
able loss of activity when kept in contact with a hexane solution 
of the concentrate at room temperature for a 24 hour period. 

In further investigations on the effect of acids, a crude hexane 
extract of alfalfa of known vitamin K potency was evaporated 
in vacuo on a water bath, dissolved in a dilute solution of hydro- 
chloric acid in methyl alcohol, and refluxed on a water bath for 2 
hours. No appreciable amount of the original activity was left 
after this treatment. However, treatment of the more refined 
concentrate with a very dilute solution of hydrochloric acid in 
ethyl alcohol for 15 minutes at refluxing temperature had no 
measurable effect on the potency. 

Two tests were made of the action of anhydrous aluminum 
chloride on a hexane solution of the concentrate. In both cases, 
one for 1 hour at room temperature and the other for half an 
hour at 100°, there was a large or complete loss of activity. 

The concentrate was dissolved in a methyl alcohol solution 
containing 10 per cent of purified formaldehyde. After the solu- 
tion had been refluxed for 5 minutes, it was allowed to stand at 
0° for 2 days and then assayed. This treatment caused no loss 
in activity. Heating the concentrate in a small volume of re- 
distilled furfural at 100° for half an hour likewise had no effect. 

Refluxing the concentrate in carbon disulfide and in a solution 
of sulfur in carbon disulfide produced no destruction of the activity. 

The apparent molecular weight of the vitamin was determined 
by the camphor method of Rast (5). 40° was used as the molal 
freezing point depression of camphor. The material used in the 
determination was a relatively very pure product obtained by 
chilling the vitamin out of a methy! alcohol solution as a solid by 
the use of solid carbon dioxide, centrifuging, and discarding the 
mother liquor. This chilling out process was carried out three 
successive times. Two determinations, one in which 5.4 mg. of 
the vitamin concentrate were dissolved in 26.2 mg. of camphor, 
and the other in which 5.6 mg. of the vitamin concentrate were 
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dissolved in 100 mg. of camphor, both gave values of the molecular 
weight of approximately 525, which, from a consideration of the 
inherent limitations of the method, should be accurate to within 
5 per cent. Since the degree of purity of the concentrate is not 
known, the apparent molecular weight can be taken only as a 
preliminary estimation. 


DISCUSSION 


The inability of reagents which are known to couple with alco- 

holic hydroxyl groups to alter the activity, solubility, or other 
characteristics of the vitamin seems to point to the non-existence 
of such alcoholic groups in the vitamin molecule. It is conceivable 
that esters of vitamin K with the natural acetic and benzoic acids 
might be fully active, if such were formed. However, the fact 
_that 3,5-dinitrobenzoyl chloride, phenyl! isocyanate, and cyanic 
acid failed to affect the activity of the concentrate indicates 
strongly that the vitamin has no alcoholic group. The similar 
failure of hydrogen cyanide indicates the absence of carbonyl 
groups. 

Irreversible loss of activity due to bromination suggests more 
than an ordinary saturation of aliphatic double or triple bonds. 
In addition to saturating any such linkages present, the bromine 
may well be substituting in an aromatic portion of the molecule, 
the existence of which is indicated by the positive aromatic nitra- 
tion product test and the destructive action of aluminum chloride. 

The destructive action of oxidizing agents is to be expected, 
since any organic substance of such large molecular weight must 
have many vulnerable points of attack. 

Reducing agents had slight effect except in cases where the 
reagent also had the ability to add across a double bond; that is, 
with hydrogen iodide and hydrogen sulfide. 

The action of acids, as such, appears to result in varying degrees 
of destruction. Whether this is due to a catalytic effect of the 
hydrogen ion or a direct reaction between the acid and vitamin 
molecule is an open question. 

Failure of the two aldehydes, formaldehyde and furfural, both 
exceptionally good condensing agents, to effect any change in the 
activity would seem to indicate the absence of phenolic groups or 
similarly susceptible groups in the vitamin molecule. 
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The properties of the vitamin are consistent with those of a 
complex, unsaturated hydrocarbon. 


SUMMARY 


Further studies on the effect of various chemical reagents on 
the antihemorrhagic vitamin have been made. The activity of 
the vitamin was destroyed by oxidizing agents, strong acids, 
aluminum chloride, and several reagents which have the ability to 
add across an ethylenic linkage, but was not appreciably affected 
by reducing agents or by reagents which react with alcoholic, 
carbonyl, or phenolic groups. 
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EVIDENCE OF A NEW GROWTH FACTOR REQUIRED 
BY CHICKS 


By E. L. R. STOKSTAD anp P. D. V. MANNING 


(From the Research Laboratory, Western Condensing Company, 
Petaluma, California) 


(Received for publication, July 5, 1938) 


During experiments on the formulation of a diet for riboflavin 
assay with chicks, it was observed that middlings and yeast had 
a growth-promoting effect which could not be accounted for by 
their filtrate factor or riboflavin content. Almquist (unpublished 
data) has also observed that a diet of polished rice, fish meal, 
dried yeast, salt, and cod liver oil gave better growth than a similar 
diet in which the yeast had been replaced by concentrates of 
riboflavin, filtrate factor, and thiamine. 

The experiments reported here were planned to study this 
growth-stimulating factor (or factors) in yeast and middlings. 
The results indicate that the growth factor involved is distinct 
from any of the nutritional factors thus far described as being 
required by the chick. Studies were also made on the distribution 
and chemical properties of the factor. 


Method and Materials 


In all the experiments white Leghorn chicks were used, being 
maintained in electrically heated batteries and given feed and 
water ad libitum. Except where otherwise indicated they were 
used in groups of ten to twelve. In the first three experiments, 
day-old chicks were started on the experimental diets and con- 
tinued for 42 days. In later experiments, as will be indicated, 
the chicks were placed on a depletion diet for 14 days, after which 
they were given the assay diets for an additional 14 days. 

The five diets used are described in detail in Table I. Diets 
1, 2, and 3 differ essentially in the cereal bases employed. Diet 
1A is the same as Diet 1 with the exception that the polished 
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rice was increased from 50 to 58.5 per cent, the starch being 
omitted. The washed fish meal in the diets containing polished 
rice was increased from 20 to 24 per cent to compensate for the 
lower protein content of the polished rice. 

The washed fish meal was prepared by washing a commercial 
sardine meal ten times with about 15 volumes of hot water (60-70°) 
and then drying in a vacuum oven. The whey adsorbate was 
prepared by adding 1 per cent of fullers’ earth to liquid whey, 
stirring, allowing to settle, washing twice with water, and drying 


Tasie I 
Composition of Diets 
The figures are given in per cent, except for thiamine which represented 
0. 2 mg. per 100 gm. of diet. 








~ | AUS ieee ee art | 2 3 | 14 | 3s 








per cent) per cent per pas per onl papear 
. P | | 
Polished rice... ... eee | | 58.5 | 61.5 











Ground yellow corn... 55 35 | 
Wheat middlings......... J 20 
Water-washed fish meal........ | 24 | 20 | 2 | 24 =| 24 
Soy bean oil.. a 3 | 3 
High potency ‘sardine oil (3000 units | | 

vitamin A and 400 units vitamin D per 

gm.).. | 0.5 | 0.5) 0.5) 0.5| 05 
Salt mixture (eco text)... | 3 s is |3 is 
Rice bran filtrate........ eewaA s 5 5 | 
Whey filtrate factor concentrate | 2 

“* adsorbate 5 || 65 5 |5 | 58 
Ground limestone...................... | 1 l 1 | | 1 
Thiamine....... * ara | 0.2 | 0.2} 0.2 
Starch...... | 8.5) 7.5 q. 5 | 











in a current of warm air. 5 per cent of this whey adsorbate 
furnished more than the required amount of riboflavin as deter- 
mined by a separate assay on a low riboflavin diet. The rice 
bran filtrate' was prepared by treating a rice bran extract with 
fullers’ earth. This rice bran filtrate had been assayed on a 
heated diet by the method of Lepkovsky and Jukes (1) and found 
to furnish adequate filtrate factor at a level of 3 per cent in the diet. 


1 Supplied through the courtesy of Vitab Products, Inc., Emeryville, 
California. 
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The filtrate factor employed in the basal ration Diet 38 was prepared 
from whey. Dried whey was extracted with hot methanol in a 
continuous extractor, the methanol removed from the extract 
under reduced pressure, water added, and the riboflavin removed 
by treatment with fullers’ earth. This concentrate was assayed 
for the filtrate factor and was fed at a level assuring adequate 
amounts of this factor. The salt mixture employed had the 
following composition: 34 per cent NaCl, 31 per cent KgH-PO,, 
14 per cent MgSO,-7H,0O, 2.5 per cent FeSO,-7H,O, 0.2 per cent 
KI, 0.3 per cent CuSO,-5H,O, 0.2 per cent ZnCh, 0.5 per cent 
Al,(SO,)3, 0.8 per cent MnSO,-2H,0O, and 16.5 per cent NaSiOs-- 
9H,0. 


EXPERIMENTAL 


Demonstration of a Growth Factor in Y east, Middlings, and Corn 
Diets 1, 2, and 3 were each fed with and without a supplement of 
pure dried brewers’ yeast. The growth results, presented in 
Fig. 1, show that the replacement of 20 per cent of the corn in 
Diet 2 by 20 per cent of middlings increased the growth made in 
6 weeks from 302 to 419 gm. The addition of yeast to the diet 
containing corn and middlings further increased the growth from 
419 to 535 gm. The addition of yeast to the ration containing 
only corn as the cereal base produced the same growth as that 
attained on yeast, corn, and middlings, showing that the yeast 
also contains the factor furnished by the middlings. In the 
absence of added yeast the polished rice diet supported the least 
growth. The addition of yeast to this diet resulted in almost 
the same growth rate attained on Diets 2 and 3 when supplemented 
with yeast. On the basis of this experiment, it would seem that 
of the three cereals used, rice was the poorest, corn the next, and 
middlings the richest in the unknown growth factor. 

Distribution of Growth Factor—The distribution of the growth 
factor in pure dried brewers’ yeast, wheat bran, rice bran, sun- 
dried alfalfa leaf meal, and molasses was determined by adding 
these supplements to Diet 1A. This ration was used because 
it had been found that polished rice was low in the unknown growth 
factor. The supplements used replaced an equal amount of 
polished rice. 

The growth results obtained are presented in Table II. They 
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show that 3 per cent of dried yeast was adequate for growth. 
Wheat bran and sun-dried alfalfa leaf meal were adequate at 
levels of 10 per cent, while rice bran at a 10 per cent level was 
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Fie. 1. The growth-stimulating effect of yeast, middlings, and corn. 
Yeast was fed at a level of 7.5 per cent. 


Taste II 


Growth-Promoting Properties of Various Substances Added to 
Polished Rice Diet (1A) 














Supplement Weight, 42 days | Mortality, 42 days 
gm. per cent 
agape a te aR whe aa 9a art 215 55 
i cucceseceneraev tess ese 413 9 
3.0% “ IS. tees ive. 434 9 
Sy eI WG iad . 5 hoc daa 03 veed on ce 426 y 
OS EO Ee ee 354 0 
10% sun-dried alfalfa leaf meal........... 433 0 
en cc caewdh eee aienee ve 138 90 





slightly inadequate. Dried molasses contained little or none of 
this factor. Other assays have also shown the factor to be present 
in a preparation of yeast grown in a whey medium to which had 
been added mineral and carbohydrate yeast nutrients. The 
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preparation was concentrated and dried in a Peebles spray drier 
at a low temperature. The product leaving the drier had a tem- 
perature of about 40°. 

Solubility in Methanol and Water, and Stability to Autoclaving 
To determine the solubility of the factor in methanol and water 
and its stability to autoclaving the following experiments were 
performed. A sample of hexane-extracted alfalfa was extracted 
for 24 hours with hot methanol, and another sample washed with 
five portions of water at 60-70°. The water extract was clarified 
by filtration. Hexane-extracted alfalfa was used because it was 
available and because it was thought that the removal of part 
of the fat-soluble material by hexane would facilitate water ex- 
traction. An extract was also prepared from dried brewers’ 
yeast by extracting 1 kilo of yeast three times with 4000 ml. 
portions of 50 per cent (by volume) methanol. The extracts from 
the alfalfa and the yeast were concentrated under reduced pressure 
and the residues dried in a current of warm air. The stability of 
the factor was determined by autoclaving samples of dried brewers’ 
yeast and hexane-extracted alfalfa for 5 hours at 120°. Assay 
Diet 1A was used, the experimental period extending from the 
Ist to the 42nd day. 

The results of this experiment, presented in Table III], show 
that the factor in yeast was more stable to autoclaving than that 
in hexane-extracted alfalfa. Extraction with 50 per cent methanol 
removed most, but not all, of the factor from yeast. Hot meth- 
anol did not extract any of the factor from hexane-extracted 
alfalfa, while warm water removed the greater part of it. 

Solubility in Solvents of Varying Concentrations—The solubility 
of the growth factor in ether and in varying concentrations of 
methanol, isopropanol, and acetone was next studied. Portions 
of 500 gm. of dried brewers’ yeast were extracted five times with 
2000 ml. portions of each solvent, the yeast being allowed to 
remain in the solvent overnight during each extraction. The 
extracts were concentrated under reduced pressure and were 
assayed with Diet 38. This diet was identical with Diet 1A 
except that the rice bran filtrate was replaced by the filtrate factor 
concentrate made from whey. In this experiment, the assays were 
made with chicks in groups of seven to eight, and covered a period 
of 2 weeks preceded by a 2 week depletion period on Diet 38. 
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Table IV presents the growth results obtained by the use of 
various solvents. From these data it can be seen that ether, 
acetone, isopropanol, and 75 per cent isopropanol did not extract 
appreciable amounts of the growth factor, these extracts showing 
no potency when fed at levels equivalent to 7.5 per cent of yeast, 
which is at least 2.5 times the amount of yeast required for maxi- 
mum growth. Methanol and 75 per cent acetone extracted some 
of the factor, and 75 per cent methanol extracted larger amounts. 


Tase III 


Solubility of Growth Factor in Water and Methanol and Its Stabilily to 
A utoclaving; Assays Made with Diet 1A 





splanen ok 
a dk gm. | per cent 
eee iapeues fe Ae | 171 | 82 
7.5% dried yeast Ss LF wa me | 428 0 
7.5% autoclaved yeast. . 469 | 0 
50% methanol extract of yeast, ‘equivalent to 7.5% | 
aS Sebel | 449 0 
7.5% yeast residue hens 50% %  mathansl extraction ei i) 
5% hexane-extracted alfalfa | 417 | 0 
10% . we | 443 0 
10% autoclaved hexane-extracted alfalfa | 176 | 45 
Water extract of * 7 equivalent | 
to 10% alfalfa | 365 18 
10% hexane-extracted alfalfa pasldae from water ex- | 
traction........ 220 64 
Methanol extract of hexane-extracted alfalfa, equiva- | 
lent to 10% alfalfa.... ; 8. I 37 
10% methanol-extracted, hexane-extracted alfalfa, 
equivalent to 7.5% alfalfa. eRe ee ae ere 481 | 0 


Behavior toward Adsorbents, and Stability to Acid and Alkali— 
A further study of the properties of the factor was made with a 
50 per cent methanol extract of yeast as the source of the factor, 
the diet and method of assay described in the previous experiment 
being used. 

The 50 per cent methanol extract of yeast was prepared by 
extracting 3 kilos of dried yeast three times with 12 liter portions 
of 50 per cent methanol. The combined extracts were concen- 
trated under reduced pressure until 1 ml. of the concentrate was 
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equivalent to 5 gm. of the original yeast. A 135 ml. portion of 
this extract was diluted to 1500 ml. and brought to pH 1.0 with 
hydrochloric acid. 150 gm. of English fullers’ earth were added, 
the mixture shaken, the earth filtered off, and the filtrate treated 
a second time with 75 gm. of fullers’ earth. The combined ad- 
sorbates were washed twice with dilute hydrochloric acid solution 
at pH 1.0. The filtrate and washings were neutralized with 
sodium hydroxide and concentrated under reduced pressure. A 
similar adsorption was made at pH 7.0 with the same relative 
amounts of fullers’ earth. Part of the fullers’ earth adsorbate, 
prepared at pH 1.0, was dried and fed directly. Another part, 


Taste IV 
Solubility of Growth Factor in Solvents of Varying Concentrations; 
Assays Made with Diet 38 
All extracts fed at a level equivalent to 7.5 per cent of dried yeast. 











Supplement Gain, 14 to 28 days 
gm. 
None........ sid aren dees We ccecvvecssveesl 44.9 
3% dried yeast.... CeCe ee 140.2 
Ether extract of yeast......... ‘eniwan thtwielt 54.6 
——«- we iccachhiencetenanetntans 50.3 
75%* acetone extract of yeast................. | 76.3 
Isopropanol . SS Jececwpenn 50.8 
75%* isopropanol extract of yeast............ 59.3 
Methanol extract of yeast.... rmes 94.2 
75%* methanol extract of yeast.......... st: 116.2 





* By volume. 


equivalent to 225 gm. of yeast, was eluted twice with 400 ml. 
portions of a 1:1:4 mixture of pyridine, methanol, and water. 
The combined eluates were concentrated under reduced pressure 
until the odor of pyridine could no longer be detected. 

Adsorptions were also made with activated charcoal at pH 1.0 
and 8.0. 45 ml. of the yeast extract, equivalent to 225 gm. of 
yeast, were diluted to 550 ml. with water, and concentrated hydro- 
chloric acid added to bring the pH to 1.0. 20 gm. of nuchar were 
added, the mixture shaken, filtered, and the filtrate treated a 
second time with 10 gm. of nuchar. The combined adsorbates 
were washed twice with acidulated water at pH 1.0. The filtrate 
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and washings were neutralized with sodium hydroxide solution 
and concentrated under reduced pressure. A similar adsorption 
was made at pH 8.0. 

The stability of the factor to acid and alkali was also deter- 
mined. 42 ml. of the yeast extract were diluted to 270 ml. with 
H,0, sufficient sodium hydroxide was added to bring the pH to 
11.0, and the mixture refluxed for 30 minutes. The solution was 
neutralized and concentrated under reduced pressure. Another 
portion of the extract was brought to pH 1.7 with hydrochloric 
acid, refluxed for 30 minutes, neutralized, and concentrated. 


TABLE V 


Behavior of Growth Factor toward Adsorbents and Its Stability to Acid and 
Alkali; Assays Made with Diet 38 





Supplement Gain, 15 to 29 days 





gm. 

ae a Si wiclgihiae oun la 51.6 
3% dried brewers’ yeast..... 123.7 
50% methanol extract of yeast*. ae 97.6 
50% = a . Sed, Sr 99.2 
Fullers’ earth filtrate (pH 1.0)f.......... tal 36.2 
“s ‘ae “ec (« 7.0)t i 85.2 

° ee re 98.0 
Pyridine eluate of fullers’ earth adsorbatet 143.4 
Charcoal filtrate (pH 1.0)f........ bee 63.0 
o Ri, =e | | 65.6 
Yeast extract refluxed at pH 1.7f......... oat 111.8 
- ” = Se eS sa 121.9 





* Equivalent to 3.0 per cent yeast in the diet. 
+t Equivalent to 7.5 per cent yeast in the diet. 


The growth results of this experiment, presented in Table V, 
show that the growth factor was readily adsorbed on fullers’ earth 
at pH 1.0 and to a lesser extent at pH 7.0. The fullers’ earth 
adsorbate prepared at pH 1.0 was potent when fed at a level 
equivalent to 7.5 per cent of dried yeast. Elution with pyridine 
solution removed the factor from fullers’ earth. Activated 
charcoal removed the factor from the yeast extract at pH 1.0 and 
also at pH 8.0. Refluxing for 30 minutes at pH 1.7 and 11.0 did 
not destroy the factor. 
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DISCUSSION 


The growth factor concerned in these experiments cannot be 
identified with any of the following. Riboflavin and the filtrate 
factor were adequately added to the basal diet in concentrates of 
known potency. The thiamine (0.2 mg. per 100 gm.) contained 
in the basal ration was ample, as Arnold and Elvehjem (2) have 
found that 0.1 mg. per 100 gm. of diet are adequate for growth. 
The soy bean oil furnished adequate amounts of vitamin K and 
some gizzard factor. The high potency sardine oil furnished an 
excess of vitamins A and D. Nicotinic acid had no effect on 
growth when fed at a level of 0.20 mg. per 100 gm. of diet. The 
other factors which have been described as being required by the 
chick are the antiencephalomalacia factor (3) and vitamin B, 
(4,5). The antiencephalomalacia factor, being fat-soluble, cannot 
be identical with the unknown growth factor in question. That 
vitamin B, cannot be identified with the unknown growth factor 
is indicated by the following considerations. According to the 
assays of Kline, Bird, Elvehjem, and Hart (4), the minimum 
protective level of yellow corn was 40 per cent. However, in 
Diet 2, 55 per cent of yellow corn did not furnish enough of the 
unknown growth factor. Furthermore, a deficiency of vitamin 
B, in chicks, according to these authors, produces paralysis. 
However, few cases of paralysis have been observed in chicks on 
polished rice diets and the sporadic cases that do occur appear 
as frequently on diets containing amounts of the growth factor 
adequate for maximum growth as on the basal ration. This 
strongly suggests that the growth factor with which we are dealing 
is not the antiparalytic one. 

The question arises whether this growth factor is vitamin Bg. 
The following facts suggest that the two factors are distinct. 
Dann (6) found yellow corn to be a fairly rich source of vitamin 
Bs, 1 gm. of yellow maize containing at least 1 day’s dose of this 
vitamin. However, 55 per cent of yellow corn did not furnish 
enough of the growth factor for chicks. Gyérgy (7) found cane 
molasses to be a rich source of vitamin Be, but 5 per cent of dried 
Hawaiian cane molasses had no effect on the growth of the chicks. 

As the factor here concerned seems to be distinct from other 
nutritional factors thus far described, it is suggested that, until 
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a chemical name based on structure can be assigned, it be tenta- 
tively called Factor U. 


SUMMARY 


Evidence has been presented showing that chicks require a 
dietary factor for growth not identical with vitamins A, D, K, 
thiamine, riboflavin, filtrate factor, vitamin B,, and the anti- 
encephalomalacia factor. 

The growth factor is present in large amounts in alfalfa, mid- 
dlings, wheat bran, and yeast, to a lesser extent in corn, and in 
very small amounts in polished rice. 

The factor is insoluble in ether, acetone, and isopropanol, but 
soluble in water and in mixtures of water and methanol. This 
growth factor can be adsorbed on fullers’ earth and on activated 
charcoal, and can be eluted from the fullers’ earth adsorbate by 
a 1:1:4 mixture of pyridine, methanol, and water. 

Autoclaving yeast did not destroy the growth factor, while 
autoclaving alfalfa did destroy it. Refluxing in acid and in 
alkali media did not destroy the growth factor present in an 
extract of yeast. 
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CHEMICAL STUDIES ON THE GONADOTROPIC 
HORMONE OF PREGNANT MARE SERUM 


By FRITZ BISCHOFF 


(From the Chemical Laboratory, Santa Barbara Cottage Hospital, 
Santa Barbara) 


(Received for publication, June 13, 1938) 


The purposes of a chemical study of the gonadotropic hormone 
of pregnant mare serum were essentially the same as those which 
prompted us to study three other protein hormone preparations; 
viz., insulin (1), prolan (2), the pituitary gonadotropic fractions 
(3), and the prolan contaminant, callicrein (4). 


EXPERIMENTAL 


Preparation—The starting material was the sterile pregnant 
mare serum of the Cutter Laboratories. Two types of prepara- 
tions were used. One, which was relatively crude, represented 
the 50 per cent alcohol-soluble, 80 per cent alcohol-insoluble 
fraction obtained at pH 7.4. By reprecipitating this preparation 
at pH 6.0 and discarding the 50 per cent alcohol-insoluble material, 
further purification (20-fold) was attained. The final aleohol 
precipitates were washed with alcohol and ether and then air-dried. 
0.1 mg. produced 200 to 300 per cent ovarian hypertrophy. 

Evans et al. (5) describe a separation of the crude mare serum 
into two distinct fractions, and postulate the existence of a sepa- 
rate interstitial cell-stimulating hormone, which in the male is 
regarded as stimulating the production of the steroid responsible 
for seminal vesicle development. It was originally planned to 
study the reactions of these two fractions to chemical reagents, 
but since a highly purified mare serum preparation supplied us 
by the Cutter Laboratories failed to separate by the ammonium 
sulfate fractional precipitation procedure of Evans into the two 
fractions, and since material fractionated directly from mare 
serum is too crude for chemical studies, the project was abandoned. 
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Ammonium Sulfate Fractionation—A solution of 1000 units 
(Cole and Saunders (6)) of mare serum preparation containing 
0.45 mg. of nitrogen in 5 ce. was mixed with an equal volume of 
saturated ammonium sulfate solution at room temperature. The 
pH was adjusted to 7.0 with 0.1 n NaOH with brom-thymol blue 
as indicator, and a volume of ammonium sulfate solution equal 
to the alkali used was added. The precipitate was removed by 
centrifugation and washed with half saturated ammonium sulfate 
solution. The filtrate was raised to three-quarters ammonium 
sulfate saturation and the pH was adjusted to 5.0 with methyl 
red as the indicator. A correction for the volume of acid added 
was made. The precipitate which formed was removed by centrif- 
ugation. Six pairs of female and five pairs of male rats were used 
for the assay at one dosage level. For the precipitate at half 
saturation, the mean organ weights were 28 mg. for ovaries, 117 
mg. for uterus, 21 mg. for seminal vesicles, and 83 mg. for prostate. 
For the precipitate at three-quarters saturation, the mean organ 
weights were 24 mg. for ovaries, 94 mg. for uterus, 17 mg. for 
seminal vesicles, and 81 mg. for prostate. The control values for 
these organs are respectively 12, 16, 9, and 53 mg. In each case 
the increase in seminal vesicle weight parallels the increase in 
ovarian and uterine weight and there is no evidence for the sepa- 
ration of an interstitial cell-stimulating from a follicle-stimulating 
hormone. 

Assay—lIn order to minimize the influence of the normal varia- 
tion in response, each chemically treated preparation was assayed 
simultaneously with an aliquot of untreated preparation, which 
was at the same pH as the treated material. Litter mate, imma- 
ture, 22 to 23 day-old rats were used as the test animals. Since 
the response to pregnant mare serum is not greatly influenced by 
divided dosage, a single injection was made subcutaneously and 
the rats sacrificed 4 days later. In chemical studies, the single 
injection is advantageous because it can be made at the end of 
the reaction period, without readjustment of pH or removal of 
excess reagent. 

As a standard, ovarian, uterine, and seminal vesicle weights 
were ascertained for series of rats injected with the untreated 
material at four different dosage levels. Since the results for 
ovaries and uteri confirm those of Cole and Saunders (6) and Cart- 
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land and Nelson (7), they have not been included in the present 
report. In a preliminary assay for testing and comparing the 
activity of treated and untreated material, four pairs of litter 
mates were used. When 90 per cent or more inactivation had 


TABLE | 
Effect of Various Reagents upon Pregnant Mare Serum Hormone 


| Per 





Mare a? cent re- 
serum | jnix- Reagent and reaction environment covery 
| ture by rat 
| | assay 
a | 
14 | 7 | 35mg. CH,COOH, pH 4.0, 24 hrs. - 100 
1.0 | 2.7 | 24 “ “a 24 hrs. | 75 
14 i~ | 1.4 ee. saturated Na;BOs;, pH 10.0, 24 hrs. | 100 
12 6 | 30 mg. CH;COOH, 0.4 cc. 0.1 n I, pH 4.0, 3 hrs. | 100 
12 | 6 | 0.25 ec. 0.1 N I, pH 7.4, 24 hrs. 25 
12 | 6 120 mg. NaHCOs,, 0.25 ec. 0.1 N I, 1 hr. 0 
12.5 | 3 50 ‘* CH,COOH, 30 mg. H:O:, 24 hrs. 50 
1.0 | 4 | 10 “ NaHCOs, 30 mg. H,0s, 1 br. 0 
10 | 4 / 11 “ CH,COOH, 5 mg. 8-naphthoquinone sulfo- | 25 
| mate, 1 hr. 
0.5 1.5 | 10mg. NaHCOs,, 5 mg. 8-naphthoquinone sulfonate, | 0 
| Ihr. | 
12 | 6 42 mg. NaHCOs, 42 mg. 8-naphthoquinone sulfonate, 0 
24 hrs. 
12.5 | 3 50 mg. CH,;COOH, 30 mg. HCHO, 24 hrs. | 50 
0.75, 2.2 | 20 “ NaHCOs, 40 mg. HCHO, 3 hrs. | 50 
0.75; 2.2 | 20 * CHsCOOH, 40 mg. HCHO, 3 hrs. 50 
0.5 le Me z 5 ‘“ NaNO,, 1 hr., 0 100 
25,3 | “* " _— * 24 hrs., 20° 0 
0.6 | 6 | 120 mg. NaHCO,, 26 mg. (CH;)280,, 0.5 hr. | 7 
06 | 6 | 120 “ . - ee oe 48 hrs. | 25 
14 7 40 mg. (CH,CO),O, 24 hrs, 0° |. 25 
14 & | 40 * - 200 mg. NaHCOs,, 24 hrs., 0° 0 
10 | 3 40 ** CH,COOH, 11 mg. diazobenzene sulfonate, | | 20 
hr., 0° 
ois 40 mg. NaHCO,, 11 mg. diazobenzene sulfonate, 1 | 0 


, are 


occurred, this number sufficed, as the uterine response is very 
sensitive to minimal dosage. The results in Table I have been 
reported to the nearest 25 per cent, since in an assay in which six 
pairs of rats are used, greater accuracy cannot be claimed. 
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Chemical Reactions—The amounts of pregnant mare serum 
powder and the various chemical reagents, the reaction volume, 
and other reaction conditions are given in Table I. In the studies 
on insulin and pituitary gonadotropic preparation, excess of 
reagent was separated from reaction products in most cases by 
processes known to separate the original material. It was neces- 
sary to assume that the properties of the reaction products were 
not sufficiently changed to interfere with their recovery. In the 
present studies with pregnant mare serum hormone and in the 
previous experiments with prolan, no separation of the reaction 
products from excess reagent was made. The amounts of preg- 
nant mare serum hormone and prolan required for physiological 
assay are so minute, because of the high physiological activity, 
that excess of reagent did not interfere with the assay. 


Results 


At a mildly alkaline pH, iodine, 8-naphthoquinone sulfonate, 
acetic anhydride, and diazobenzene sulfonate all caused complete 
inactivation of the mare serum preparation. Under the same 
conditions hydrogen peroxide and dimethy! sulfate caused only 
partial inactivation. At a mildly acid pH, 8-naphthoquinone 
sulfonic acid, acetic anhydride, and diazobenzene sulfonic acid 
caused partial inactivation, in contrast to the total inactivation 
produced at a slightly alkaline pH. The action of iodine was 
governed by the pH, none occurring in acid solution. In dilute 
solution and at 0°, nitrous acid produced no inactivation. At 
room temperature and on prolonged action complete inactivation 
occurred. 

Cartland and Nelson (8), using a procedure similar to that used 
by us (3) for the anterior lobe fraction, have reported upon the 
action of formaldehyde upon the pregnant mare serum product. 
In a 3 per cent solution, they obtained 84 per cent inactivation 
in 3 hours. No qualitative changes in the ovarian response were 
noted. With a lower formaldehyde concentration, we obtained 
less inactivation. 

In the present study as in the studies on prolan, no structural 
groups or nuclei can be characferized as responsible for the phys- 
iological activity. Certain characteristic trends, nevertheless, 
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are revealed: (1) the relative stability to dimethyl sulfate, for- 
maldehyde, and nitrous acid in contrast to the extreme sensitivity 
to diazonium compounds, to acylation, and to reaction with 
naphthoquinone sulfonate; (2) a more pronounced tendency to 
be inactivated by reagents in mildly alkaline solution (acylation, 
H,O0:2, I, naphthoquinone sulfonate, diazobenzene sulfonate) than 
in mildly acid solution. 


DISCUSSION 


The results of the foregoing experiments indicate a marked 
similarity in the stability and reactivity of the pregnant mare 
serum hormone, prolan, and the pituitary sex hormone to a wide 
range of chemical reaction. No significant difference could be 
detected between prolan (urine of pregnancy) and the pregnant 
mare serum hormone. The pituitary preparation was more 
sensitive to methylation. The physiologic response to prolan 
and the pregnant mare serum product is not greatly affected by 
divided dosage, while the response to the pituitary preparation is 
affected some 2000 per cent by divided dosage or delayed re- 
sorption (9). This constitutes the greatest difference yet observed 
for these substances, and if there is any correlation between this 
observation and the relative stability to methylation, the reason 
is as yet not apparent. 

Our complete chemical studies for the gonadotropic substances 
obtained from the three sources and covering a wide range of 
reactions have in no instance indicated a separation by a selective 
inactivation of one gonadotropic fraction from another. There 
is probably a series of gonadotropic substances as there are estro- 
gens differing but slightly in chemical structure, which all stimulate 
the same cells, but in varying degree. No clear evidence has been 
obtained by us that there are separate interstitial cell-stimulating, 
follicle-stimulating, and luteinizing hormones. When minimal 
threshold doses are given, all the gonadotropic hormones produce 
the same result, liberation of estrogenic substance as measured 
by uterine hypertrophy, without detectable cytological differences 
in the ovary. 


We are indebted to Dr. D. H. Wonder of the Cutter Labora- 
tories for a generous supply of pregnant mare serum. 
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SUMMARY 


- 1. Pregnant mare serum hormone in mildly alkaline solution 
is more than 90 per cent inactivated by acetylation, reaction with 
8-naphthoquinone sulfonate, coupling with diazobenzene sul- 
fonate, and by iodination. In mildly acid solution these reagents 
produce less or no inactivation. ' 

2. Pregnant mare serum hormone is relatively stable to moder- 
ate excess of nitrous acid, dimethyl sulfate (even in alkaline solu- 
tion), and to formaldehyde. 

3. In the sixteen different conditions of reaction environment 
studied, pregnant mare serum hormone responded in a manner 
analogous to the response of prolan as previously reported. 

4. A highly purified hormone preparation of pregnant mare 
serum failed to separate into fractions (interstitial cell-stimulating 
and follicle-stimulating hormones) when subjected to ammonium 


sulfate precipitation. 
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CONVERSION OF URONIC ACIDS INTO CORRESPONDING 
HEXOSES 


VII. CATALYTIC REDUCTION OF METHYL ESTER OF HEXA- 
METHYL METHYLGLYCOSIDE OF ALDOBIONIC ACID (OF GUM 
ARABIC) TO METHYLGLYCOSIDE OF HEXAMETHYL 6-GLUCOSI- 
DOGALACTOSE. FURTHER METHYLATION TO METHYLGLYCO- 
SIDE OF HEPTAMETHYL 6-GLUCOSIDOGALACTOSE 


By P. A. LEVENE, G. M. MEYER, ann MARTIN KUNA 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, July 15, 1938) 


The objects of the investigation to be presented in this com- 
munication have been outlined in previous communications.' 
The matter of methylation of aldobionic acids is still beset with 
difficulties, illustrated best by the experience of Haworth et al.* 
in their work on the structure of the aldobionic acid of gum arabic. 
The conversion of the methylated aldobionic acid to a methylated 
biose is a new undertaking. 

The conditions of methylation in use in our laboratory permit 
the methylation of aldobionic acids as readily as the methylation 
of bioses and with similar yields. Advantage was taken of the 
best features of the procedures of Haworth,? and of West and 
Holden.* The success of the methylation depends on very vig- 
orous stirring. When 15 gm. lots are used, the reaction is com- 
pleted in 5 hours, the yield being from 80 to 90 per cent of the 
weight of the starting material. An additional quantity can be 
obtained from the aqueous residue of the first methylation product. 
When the aldobionic acid is as readily prepared as is the one from 


' Levene, P. A., and Tipson, R.8., J. Biol. Chem., 126, 345 (1938). Lev- 
ene, P. A., Tipson, R. 8., and Kreider, L. C., J. Biol. Chem., 122, 199 (1937). 

* Challinor, S. W., Haworth, W. N., and Hirst, E. L., J. Chem. Soc., 
258 (1931). 

* West, E. S., and Holden, R. F., J. Am. Chem. Soc., 86, 930 (1934). 
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gum arabic, the remethylation of the aqueous residue yields 
scarcely enough material to justify the operation. 

In the methylation of bioses and often even of monoses, the 
operation with dimethyl sulfate is generally followed by remethyla- 
tion by the Purdie method. In the case of aldobionic acids it 
was found advantageous, to methylate the carboxyl group with 
diazomethane preliminary to remethylation by the Purdie method. 
The product obtained on one remethylation is then readily dis- 
tillable as the methylglycoside of the hexamethy! aldobionic 
methyl ester. 

The reduction of the COOCH; group to a primary alcoholic 
group is accomplished by treating the methanol solution of the 
substance over copper chromite catalyst for 3 hours at 175° in 
a hydrogen atmosphere at a pressure of 3500 pounds per sq. inch. 
The solution, freed from the catalyst, on concentration yields a 
crystalline product, the methylglycoside of hexamethy] 6-glu- 
cosidogalactose, and a small residue of syrupy material which has 
not been thoroughly analyzed. In one experiment, when the 
heating was prolonged overnight and the yield of the syrupy mate- 
rial was considerable, it could be separated into two fractions, 
one boiling at 120-180°, p = 0.2 mm., the other at about 220-240°, 
p=0.2mm. The latter had the composition of a methylglycoside 
of hexamethyl 6-glucosidogalactose. 

The crystalline hexamethyl methylbioside is readily recrys- 
tallized from ether. One remethylation by the Purdie method 
was not sufficient to accomplish complete methylation of the 
bioside but the two components could be readily separated by 
virtue of the differences of their solubilities in ether. The fraction 
insoluble in cold ether consisted mostly of the hexamethyl methyl- 
bioside and the soluble fraction of heptamethyl methylbioside. 
For purification the latter was recrystallized from pentane and 
found to have properties identical with those previously recorded 
by Levene and Tipson‘forthe heptamethyl methylbioside obtained 
on exhaustive methylation of synthetic 6-8-glucosidogalactose. 

Thus there can be no doubt that the biose union in the aldobionic 
acid is identical with that in the synthetic disaccharide (namely, 


8 configuration). 


‘ Levene, P. A., and Tipson, R.8., J. Biol. Chem., 126, 355 (1938). 
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EXPERIMENTAL 


Methylation of Aldobionic Acid from Gum Arabic—15 gm. of 
crystalline aldobionic acid dihydrate® were dissolved in 20 ec. of 
water and acetone was added to opalescence. A total of 133 ec. 
of dimethyl sulfate and 340 cc. of 30 per cent sodium hydroxide 
was used for the methylation which was completed in three stages. 

1. 15 ec. of dimethyl sulfate were introduced into the flask 
with the bath maintained at 35-40°. Dimethyl sulfate was then 
allowed to drop into the flask at the rate of a drop in 3 seconds 
and the alkali at the rate of a drop in 2 seconds. At this rate the 
operation was continued for 30 minutes. 

2. The temperature of the bath was raised to 50°. The rate 
of flow of methyl sulfate and of alkalj was increased so that one-half 
of the total methy! sulfate and of the total alkali was added in 
2} hours. Warming at this temperature was continued, without 
further addition of reagents, for 15 minutes. 

3. The temperature of the bath was raised to 70-75° and the 
remaining half of dimethyl sulfate and of the alkali was added so 
as to complete the operation in 90 minutes. Then the stirring 
was continued, the bath being maintained at the same tempera- 
ture for an additional 30 minutes. The total time consumed for 
methylation was 5 hours. Extraction of the product was per- 
formed as usual. Yields varied from 11 to 13 gm. 

A second methylation of the aqueous residue yielded from 1.5 
to3 gm. This operation, however, was so time-consuming that 
it was generally omitted, the aldobionic acid of gum arabic being 
so readily accessible. 

Material obtained in this manner was not completely methylated. 
Before further methylation by the Purdie method it was allowed 
to stand not less than 5 hours with an excess of an ethereal solution 
of diazomethane. After remethylation by the Purdie method 
and prior to distillation, the yield was 12 gm. It was found 
advantageous prior to reduction of the —-COOCH; to purify the 
substance by distillation, as otherwise it frequently poisoned the 
catalyst. On slow distillation without a capillary tube at a pres- 
sure of 0.2 mm. the substance distilled at a bath temperature of 


* Heidelberger, M., and Kendall, F. E., J. Biol. Chem., 84, 639 (1929). 
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220-240° as a viscous yellowish liquid. Yield 11.4 gm. n® = 
1.4656. ni = 1.4641. 





—1.68° X 100 
lalp = 2x 376 = —22.3° (in absolute ethanol) 
3.306 mg. substance: 33.44 ec. 0.01 N Na.S.O; 
5.295 ‘ * : 10,000 mg. CO, and 3.690 mg. H,O 
CuHyO;.. Calculated. C 51.3, H 7.8, OCH; 53.0 
Found. a < CU 


Catalytic Reduction of Methylglycoside of Hexamethyl Aldobi- 
onic Acid Methyl Ester—11 gm. of the substance were dissolved 
in 100 ec. of methanol. 10 gm. of copper chromite were added 
and the mixture allowed to remain in the hydrogenation appara- 
tus during 3 hours at 175° at a pressure of 3500 pounds per 
sq. inch. The apparatus was allowed to cool overnight and the 
filtrate was then concentrated to a thick sirup which soon crys- 
tallized. The substance was recrystallized from ether. Four 
crops of crystals were obtained on gradual spontaneous concentra- 
tion. Total yield, 8.5 gm. The substance had a melting point 
of 140-141° (sharp). 


5.600 mg. substance: 10.605 mg. CO, and 4.150 mg. H,O 


3.132 ‘ - : 29.77 cc. 0.01 N Na.S,0; 
CigHss0;;. Calculated. C 51.8, H 8.2, OCH, 49.3 
Found. “Os.% 64, % 408 


The specific rotation of the substance was as follows: 


—2.25° & 100 
lap = - 2x354 = —31.8° (in absolute ethanol) 


Methylation of Methylglycoside of Hexamethyl 6-Glucosido- 
galactose to Methylglycoside of Heptamethyl 6-Glucosidogalactose 
2.5 gm. of the hexamethyl 6-glucosidomethylgalactoside were 
remethylated by means of dimethy! sulfate and 60 per cent alkali 
according to West and Holden® (second phase). 

The chloroform extract was concentrated to dryness, giving 
a residue which was slightly yellow and which crystallized from 
a little ether and pentane. The first crystals, on recrystallization 
from petroleum ether, melted at 138° and hence were original 
material. The substance from the mother liquor, on concen- 
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tration and on repeated recrystallization from pentane, yielded 
1.2 gm. of the methylheptamethyl derivative. It had a melting 
point of 73° (sharp) and its composition was as follows: 


4.880 mg. substance: 9.430 mg. CO, and 3.660 mg. H,O 


3.001 “ ~ : 31.91 ec. 0.01 N Na,S,0; 
CooHss0)). Calculated. Cc 52.8, H 8.4, OCH; 54.6 
Found. ae oF, ee 


The specific rotation of the substance was as follows: 


»  —1.18° x 100 | 
oa oo ES b , 
la]> 1x41 28 (in absolute ethanol) 
Levene and Tipson‘ report a melting point of 75° and [a]? = 
—25.5° (in absolute ethanol) for synthetic heptamethyl 6-glu- 
cosidomethylgalactoside. 
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By CLARENCE C. CHRISTMAN anp P. A. LEVENE 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, July 15, 1938) 


In a previous communication! we described the direct synthesis 
of amino alcohols and N-dimethylamino alcohols from esters of 
amino acids, by reduction in the appropriate solvent in an atmos- 
phere of hydrogen over the copper chromite catalyst. It was 
expected that likewise, in solution in the higher normal alcohols, 
N-disubstituted aleamines would be formed. The formation of 
N-monosubstituted derivatives was expected from reduction in 
solution in isopropyl alcohol. 

It has now been found that only in the solution of ethanol does 
an N-disubstituted derivative form as readily as in methanol. In 
solution of higher homologues the predominating product was 
the N-monosubstituted derivatives. A similar result was ob- 
tained when isopropyl carbinol was used as solvent. It should 
be emphasized, however, that the search for conditions favoring 
the formation of N-disubstituted derivatives of the higher homo- 
logues is not fully completed. 

To date, success has been obtained in the formation of the 
N-dipropyl derivative of leucinol. More drastic conditions (an 
initial temperature of 250° and initial pressure of 3000 pounds per 
sq. inch) were required for this synthesis. 

In view of the physiological importance of the phenylated 
alcamines it was found desirable to test the behavior of dl-phenyl- 
alanine methyl ester under the treatment described above. In 
agreement with the experience of Adkins,’ it was found that the 
phenyl group was not hydrogenated. On the other hand, the 
transformation into an N-disubstituted alkamine proceeded in the 
same way as in the case of aliphatic amino acids. 


1 Christman, C. C., and Levene, P. A., J. Biol. Chem., 124, 453 (1938). 
* Adkins, H., Reactions of hydrogen, Madison (1937). 
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EXPERIMENTAL 


Synthesis of N-Diethyl-dl-Leucinol by Reduction of dl-Leucine 
Methyl Ester in Ethyl Alcohol Solution —10 gm. of copper chromite 
catalyst were added to a solution of 8.5 gm. of dl-leucine methy! 
ester in 150 cc. of absolute ethyl alcohol. This mixture was placed 
in a high pressure hydrogenation apparatus at a pressure of 2500 
pounds per sq. inch, and a temperature of 175°, the hydrogen 
pressure rising to 3600 pounds per sq. inch. After the reaction 
had proceeded during 7 hours at the latter temperature, the whole 
apparatus was allowed to cool for 16 hours. 

The mixture was centrifuged for 30 minutes and the supernatant 
liquid filtered through a layer of charcoal. The centrifuged solids 
were washed with 200 cc. of warm absolute ethyl alcohol and then 
the washings were filtered through the above layer of charcoal. 
Dry hydrogen chloride gas was passed into the combined filtrates 
until they became acid to Congo red and the acid solution was 
concentrated under diminished pressure to a thick sirup. The 
last traces of hydrogen chloride and moisture were removed by 
repeated concentrations with dry benzene. 

This sirup did not crystallize until crystal nuclei were obtained 
through the picrate. The picrate was converted into the hydro- 
chloride as in the case of N-dimethyl-dl-leucinol hydrochloride. 
The sirupy hydrochloride was converted into the free base in 
the following manner. 

The sirupy substance was dissolved in 25 ec. of water (cooled 
to 0°) and a cold solution of 8 gm. of sodium hydroxide in 20 ce. 
of water was added. This cold solution was extracted three times 
with 50 cc. portions of ether. The combined ether extracts were 
dried with anhydrous potassium carbonate and the ether distilled 
off at atmospheric pressure through a fractionating column. 
The product was dried for 10 minutes with several pellets of sodium 
hydroxide and then distilled at 105-107° at 15 mm. pressure. 
Yield 8.6 gm. 

The substance is soluble in ether, chloroform, acetone, and al- 
cohol but is insoluble in water and pentane. It has a composition 
agreeing with that calculated for an N-diethylaminohexanol 
(free base). 
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4.318 mg. substance: 10.995 mg. CO, and 5.185 mg. H,O 


4.400 “ - : 0.307 cc. N» (763.5 mm. at 25°) 
CioHwON. Caleulated. C 69.38, H 13.40, N 8.07 
Found. ** 69.43, “* 13.42, “* 8.03 


Preparation and Decomposition of the Picrate of N-Diethyl-dl- 
Leucinol—3 gm. of distilled N-diethyl-di-leucinol were dissolved 
in 10 cc. of ether and an ether solution of 2.5 gm. of dry picric 
acid was added. After standing in the refrigerator for several 
days the product had completely crystallized. Aconstant melting 
point of 79-80° was reached after two recrystallizations from 
ethanol-ether-pentane. The substance had a composition agree- 
ing with that calculated for the picrate of an N-diethylamino- 
hexanol. 


4.814 mg. substance: 8.420 mg. CO, and 2.790 mg. H,O 
CysH2sOsNy. Calculated, C 47.76, H 6.51; found, C 47.69, H 6.49 


The pure substance was then dissolved in the minimum of warm 
water and 15 cc. of concentrated hydrochloric acid added. The 
precipitated picric acid was filtered off and the filtrate extracted 
three times with benzene in order to remove the last traces of 
picric acid. The aqueous solution was concentrated to a dry sirup 
under diminished pressure and the last traces of hydrochloric 
acid removed by repeated concentrations with dry benzene. The 
product would not crystallize and it was therefore not analyzed, 
since the pure picrate had been used. 

Synthesis of N-Dimethyl-dl-Phenylalaninol by Reduction of dl- 
Phenylalanine Methyl Ester in Methyl Alcohol—10 gm. of copper 
chromite catalyst were added to a solution of 6 gm. of dl-phenyl- 
alanine methyl ester in 100 ec. of absolute methyl alcohol. This 
mixture was then reduced for 7 hours and the product isolated 
in the manner described in the previous experiment. The sub- 
stance distilled at a temperature of 110° and 0.4mm. pressure. 
Yield 5.3 gm. 

It had a composition agreeing with that calculated for an 
N-dimethylaminophenylpropanol. 


5.616 mg. substance: 15.115 mg. CO, and 4.889 mg. H,O 
Cy.H;,ON. Calculated, C 73.70, H 9.57; found, C 73.39, H 9.53 
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Synthesis of N-Mono-n-Propyl-dl-Leucinol Hydrochloride by Re- 
duction of dl-Leucine Methyl Ester in n-Propyl Alcohol—15 gm. of 
copper chromite catalyst were added to a solution of 9 gm. of 
dl-leucine methyl ester in 150 cc. of n-propyl alcohol. This 
mixture was then reduced for 10 hours at a temperature of 175° and 
an initial pressure of 3000 pounds per sq. inch. 

The catalyst was removed as in the first experiment and the 
alcohol solution made acid to Congo red with dry hydrogen chloride 
gas. The product set to a solid mass upon the removal of the 
alcohol and hydrogen chloride by concentration under diminished 
pressure. The product was recrystallized from acetone. Total 
yield 9.3 gm. After two more recrystallizations from acetone the 
product melted at 117—118° and had a composition agreeing with 
that calculated for an N-monopropylaminohexanol hydrochloride. 


5.124 mg. substance: 10.380 mg. CO, and 5.220 mg. H,O 
CsH2ONCl. Calculated, C 55.24, H 11.35; found, C 55.24, H 11.39 


Preparation of Crystalline N-Mono-n-Propyl-dl-Leucinol (Free 
Base) from the Crude Hydrochloride—The crude crystalline product 
obtained by removal of alcohol from the n-propyl alcohol reduction 
experiment was dissolved in 25 cc. of water (cooled to 0°) anda 
cold solution of 10 gm. of sodium hydroxide in 25 cc. of water was 
added. The solution was extracted with three portions of ether 
and these combined ether extracts were dried with anhydrous 
potassium carbonate. 

The ether was distilled off at atmospheric pressure and the 
product dried for a few minutes with solid sodium hydroxide. 
The substance distilled at 125° and 20 mm. pressure and it immedi- 
ately set to a semisolid crystalline mass. The product had a 
composition indicating the presence of both the mono- and di- 
propyl compounds. (Found, C 69.36, H 13.63.) The crystalline 
portion was dried from the non-crystalline fraction by dissolving 
in pentane, cooling to 0°, and then filtering off the crystals at 0°. 
This crystalline product melted at 52-53° and had a composition 
agreeing with that calculated for the N-monopropylaminohexanol. 


4.125 mg. substance: 10.293 mg. CO, and 4.905 mg. H,O 
CsH2ON. Calculated, C 67.92, H 13.33; found, C 68.04, H 13.30 
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The sirupy mother liquors undoubtedly contained the di- 
propylaminohexanol, in the light of the results obtained in the 
next experiment. 

Synthesis of N-Di-n-Propyl-dl-Leucinol Hydrochloride by Reduc- 
tion of dl-Leucine Methyl Ester in n-Propyl Alcohol—10 gm. of 
copper chromite catalyst were added to a solution of 5 gm. of 
di-leucine methyl ester in 130 cc. of n-propyl alcohol. This 
mixture was then reduced for 12 hours at 250° and an initial 
pressure of 3000 pounds per sq. inch. The hydrochloride of the 
product was prepared in the manner described in the previous 
experiments. 

The crude sirupy product was dissolved in 25 cc. of acetone, 
25 ec. of ether were added, and the solution was allowed to stand 
for 1 week in the refrigerator. The crystalline material was 
filtered off and washed with cold acetone. Yield 2.3 gm. After 
two recrystallizations from acetone, the substance melted at 
130-131° and had a composition agreeing with that caleulated for 
an N-dipropylaminohexanol hydrochloride. 


5.004 mg. substance: 11.100 mg. CO, and 5.310 mg. H,O 
CyH2ONCl. Calculated, C 60.58, H 11.86; found, C 60.49, H 11.87 


Synthesis of N-Monoisopropyl-dl-Leucinol Hydrochloride by 
Reduction of dl-Leucine Methyl Ester in Isopropyl Alcohol—10 gm. 
of copper chromite catalyst were added to a solution of 7 gm. 
of dl-leucine methyl ester in 150 ec. of isopropyl alcohol. This 
mixture was reduced in the usual manner for 16 hours at a tem- 
perature of 175° and an initial pressure of 3000 pounds per sq. inch. 

The product was isolated in the manner described in previous 
experiments. The crude product was dissolved in 60 cc. of acetone 
and cooled to 0°. Yield 6.6 gm. After two recrystallizations 
the substance melted at 92-93° and had a composition agreeing 
with that calculated for an N-monopropylaminohexanol hydro- 
chloride. 


4.213 mg. substance: 8.595 mg. CO, and 4.200 mg. H,O 
C,H2ONCl. Calculated, C 55.24, H 11.35; found, C 55.63, H 11.15 


Synthesis of N-Mono-n-Butyl-dl-Leucinol Hydrochloride by Re- 
duction of dl-Leucine Methyl Ester in n-Butyl Alcohol—15 gm. of 
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copper chromite catalyst were added to a solution of 8 gm. of dl- 
leucine methy! ester in 150 ce. of n-butyl alcohol. The reaction 
mixture was reduced as usual for 8 hours at 175° and an initial 
pressure of 3000 pounds per sq. inch. 

The product was isolated in the usual manner and crystallized 
from acetone. Yield 8.1 gm. After two recrystallizations the 
product melted at 148-149° and had a composition agreeing with 
that calculated for an N-monobutylaminohexanol hydrochloride. 


4.125 mg. substance: 10.293 mg. CO, and 4.905 mg. H.O 
CieH2xONCI. Calculated, C 57.24, H 11.55; found, C 56.72, H 11.58 


Synthesis of N-Monoisobutyl-dl-Leucinol Hydrochloride by Re- 
duction of dl-Leucine Methyl Ester in Isobutyl Alcohol—15 gm. of 
copper chromite catalyst were added to a solution of 8 gm. of dl- 
leucine methyl] ester in 150 ec. of isobutyl aleohol. The mixture 
was reduced for 16 hours at 3000 pounds per sq. inch and 175°. 

The product was isolated as the hydrochloride as in previous 
experiments. Yield 7.0 gm. The substance melted at 151-152° 
after two recrystallizations from acetone and had a composition 
agreeing with that calculated for a monobutylaminohexanol 


hydrochloride. 


4.323 mg. substance: 9.005 mg. CO, and 4.42 mg. H.O 
CyoHyONCI. Calculated, C 57.28, H 11.55; found, C 56.80, H 11.44 














SOME OBSERVATIONS ON THE CHICK ANTI- 
DERMATITIS FACTOR* 
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(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 


(Received for publication, July 18, 1938) 


Preliminary fractionation studies on the chick antidermatitis 
factor have been reported by Koehn and Elvehjem (1-3), by 
Lepkovsky and Jukes (4), and by Jukes (5). When it became 
apparent (6) that nicotinic acid was not the factor in liver extract 
which protected chicks against the dermatitis associated with 
heated grain rations, work was begun on the fractionation and 
concentration of this unknown substance. The factor in question 
has been designated the filtrate factor (4), but we prefer the more 
specific term, chick antidermatitis factor (6). 

In this paper will be described the preparation of purified con- 
centrates which are effective in the prevention of dermatitis in 
the chick. Experiments will also be described which indicate 
some of the chemical features of the protective substance. 


EXPERIMENTAL 


Assay Technique—Day-old white Leghorn chicks were fed a 
heated grain ration supplemented with flavin and thiamine as 
previously described (6). Four chicks were used in each group 
for the assay. The fractions to be assayed were dissolved in 
water, spread on the basal ration, and dried at 40° before a fan. 
Each time a series of assays was begun, a control group on the 


* Published with the approval of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

Supported in part by a grant from the Wisconsin Alumni Research 
Foundation. 

+t National Live Stock and Meat Board Fellow, 1937-38 
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basal ration alone was started. Preventive studies over a 5 
week period were used throughout. The activity of the various 
fractions was determined by noting the increase in body weight 
of the birds during the assay period and especially by observing 
the absence or presence of dermatitic symptoms around the beak 
and eyes and on the legs (see Table I). 

Source of Vitamins—The earlier fractionations were made on a 
liver extract powder by precipitating a large amount of inactive 
material from an aqueous solution of this powder through the 
addition of a mixture of alcohol and ether (2). Later on, through 
the kindness of Dr. David Klein, we secured a liver extract 
preparation from the Wilson Laboratories which was a by-product 
in the manufacture of the fraction used in pernicious anemia. 
This was a klack, viscous sirup which contained 60 per cent of 
solid matter and was active at a level of 2 per cent. It was 
soluble in 92 per cent alcohol and will be designated in this paper 
Preparation A. The older procedure could not be satisfactorily 
applied to Preparation A because it contained a larger amount of 
the more soluble, inactive constituents of liver than the liver ex- 
tract powder and hence the difficulties of purification of the vita- 
min were increased. Since the liver extract powder was rather 
expensive and since large amounts of Preparation A were avail- 
able, it seemed advisable to develop methods of concentration 
applicable to it. While no increase in potency over that pre- 
viously reported (3) has been obtained, some important proper- 
ties of the vitamin which will undoubtedly aid in its final isolation 
have been determined. 

Ether Fractionation—A 600 gm. portion of the liver extract was 
used in each fractionation. This was dissolved in 2 liters of 
water, treated with 200 gm. of fullers’ earth, and the adsorbate 
was filtered and washed well. The fullers’ earth was used merely 
to remove proteinaceous material which interfered in the other 
extraction steps. The filtrate and washings were concentrated 
under reduced pressure to about 1 liter, and adjusted to pH 6.5 
to 7 with NaOH. The neutral solution was next extracted con- 
tinuously with ether for 72 hours. The extract was practically 
inactive when fed at a level equivalent to 4 per cent of Prepara- 
tion A. The residual aqueous solution was then acidified to 
thymol blue with HCl and extracted continuously with ether for 
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110 hours. The extract was active when fed at a level equivalent 
to 4 per cent of Preparation A. All of the potency was not re- 


TABLE I 


Activity of Liver Fractions in Prevention of Chick Dermatitis 


Four chicks were used in each group. 
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Norit Adsorption—The active ether extract was dissolved in 2 
liters of water and 200 gm. of Pfanstiehl’s norit A were added. 
The mixture was stirred for 30 minutes, filtered, and washed. 
The filtrate was inactive when fed at a level equivalent to 4 per 
cent of Preparation A. 

It is not an easy matter to adsorb the vitamin on active norit. 
In order to get appreciable removal from the solution about half 
as much norit as there are solids must be used. In order to get 
complete removal, several times as much adsorbent as there are 
solids should be employed. If enough norit is used, the vitamin 
appears to be adsorbed in alkaline as well as in acid solution. 

Elution—The norit adsorbate was suspended in 1 liter of 90 
per cent alcohol, stirred for 15 minutes, and filtered. The filter 
cake was suspended in the same quantity of eluent, heated just 
to boiling, and filtered. Three more elutions with hot alcohol 
were performed. The combined eluates were then concentrated 
under reduced pressure to remove alcohol. The resulting solution 
was active when fed at a level equivalent to 4 per cent of Prep- 
aration A. 

Mixtures of pyridine and alcohol, or acetone proved no more 
effective as an eluent than did alcohol alone. These solvents 
were not extensively used because of their greater cost. Pyridine 
and alcohol removed slightly more total dry weight, and acetone 
slightly less, than did alcohol. 

Chloroform Extraction—The concentrated aqueous solution of 
the eluate was extracted contihuously with CHCl, for 24 hours. 
Approximately 40 per cent of the solids was found in the extract. 
However, the extract when fed at a level equivalent to 4 per cent 
of Preparation A was inactive and showed only very slight ac- 
tivity when fed equivalent to 8 per cent. The residual solution 
was active at a level equivalent to between 4 and 6 per cent of 
Preparation A. This CHCl; residue contained 2 to 4 gm. of dry 
matter per 100 gm. of starting material. Fourteen such prepara- 
tions have been made, and these figures for dry matter represent 
the maximum variation. When the solution was concentrated 
under reduced pressure to dryness, a mass of white crystals 
(succinic acid, m.p. 184°) and a pale yellow oil were obtained. 

Solubility in Various Solvents—The active constituent in the 
CHC, residue was soluble in glacial acetic acid, anhydrous acetone, 
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dry ethyl acetate, dioxane, or absolute alcohol. It was insoluble in 
dry ether, benzene, or chloroform. Only a small portion of the 
total dry matter was insoluble in the first solvents mentioned, so 
these were not used for routine preparation of concentrates. 
Some of the active substance remained in the ethyl acetate-insolu- 
ble portion, possibly owing to adsorption. Had it not been for this 
fact, the loss of dry matter by ethyl acetate extraction was great 
enough to justify the use of this solvent. 

Preparation of Metallic Salts—Silver salts of the CHC, residue 
were prepared (by warming with AgeO), separated with ethy! 
alcohol, and decomposed with H,S. The activity was lost by 
this procedure, possibly owing to adsorption on AgS or to oxida- 
tion by the Ag.O. 

Zine salts were prepared (by warming the CHC, residue with 
excess ZnCO;), and separated with alcohol. The alcohol-soluble 
fraction contained most of the activity. Zine salts of a highly 
active distillate (see below) were also prepared, and the activity 
was found to reside in the portion soluble in absolute alcohol. 

The most advantageous salts for fractionation purposes were 
the barium salts. That portion which was soluble in absolute 
alcohol was found to contain the activity. When the barium was 
removed from this fraction with H,SO,, 275 mg. per 100 gm. of 
Preparation A remained. This material was active when fed at a 
level equivalent to 8 per cent of Preparation A. However, the 
routine use of a barium salt separation in the fractionation pro- 
cedure is of doubtful value because the alcohol-insoluble portion 
was also active (at a level equivalent to 8 to 12 per cent of Prepara- 
tion A). Three reprecipitations from absolute alcohol failed to 
remove the activity completely from this fraction. 

Acetylation—The CHC\, residue from 300 gm. of liver extract 
was dissolved in 50 cc. of acetic anhydride containing 2 ec. of 
pyridine, and the solution was heated for 1 hour on the steam 
bath. Excess reagents were removed by distillation under re- 
duced pressure. The resulting product was entirely inactive at a 
level equivalent to 6 per cent of Preparation A. 

A portion of the acetylation mixture was dissolved in alcohol, 
and the solution was saturated with gaseous ammonia. This 
solution was sealed in a tube and heated for 1 hour in a steam bath. 
Ammonia and alcohol were then removed under reduced pressure. 
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When this product was fed at a level equivalent to 6 per cent of 
Preparation A, it was found to be active. 

Further experiments showed that the activity in the crude 
acetylation mixture was now soluble in benzene, dry ether, or 
chloroform. Before any fractions of the acetylated concentrate 
were fed, they were hydrolyzed in the manner described above. 

It was also found that acetylation did not proceed to comple- 
tion in the cold. The ether-insoluble portion of a concentrate 
treated with pyridine and acetic anhydride in the cold was found 
to be active when fed at a level equivalent to 8 per cent of Prepara- 
tion A. This fraction contained 128 mg. of dry matter per 100 
gm. of Preparation A. Here again, the same difficulty which 
made the barium salt fractionation of doubtful value also made 
the utility of this fractionation scheme questionable. 

Molecular Distillation—Although the free vitamin appeared to 
be labile to dry heat, as shown by the method of preparation of the 
basal ration, it was found that the acetyl derivative could with- 
stand 100° for prolonged periods. This finding led us to attempt 
fractional distillation in a high vacuum. The acetylated mixture 
was placed in a horizontal still similar to that used by Almquist 
(7), which was then evacuated to 0.1 to 0.01 mm. of mercury and 
maintained at 100°. Considerable viscous, colorless liquid dis- 
tilled. When hydrolyzed, this distillate proved to be inactive. 
The residue was then transferred to the retort of a molecular 
still. The apparatus was evacuated to approximately 10-° mm. 
of mercury, and the retort was maintained at 100° for 8 hours. 
The material which had distilled proved to be active when fed 
at a level equivalent to 12 per cent of Preparation A, whereas 
the residue in the retort was inactive at a level equivalent to 15 
per cent. Both fractions were hydrolyzed before they were fed. 

The barium salt separation, acetylation, and distillation pro- 
cedures were next combined. A colorless, ether-soluble liquid 
was obtained which was active (after hydrolysis) when fed at 
levels equivalent to 12 to 20 per cent of Preparation A. From 
100 gm. of starting material, 108 mg. of distillate were obtained. 


DISCUSSION 


The results obtained from the various fractionation procedures 
enable some speculations to be made concerning the probable 
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chemical nature of the chick antidermatitis factor. The fact 
that it is extracted much more readily from acid solution by ether 
than it is from neutral solution suggests that it is acidic. Further- 
more, the observation that the activity of concentrates was de- 
stroyed by acetylation, and that this activity was completely 
reguined by hydrolysis, suggests that the vitamin must contain 
amino or hydroxyl groups. The former is eliminated by the fact 
(4) that nitrous acid does not affect the activity of concentrates. 

The observation of several investigators (3, 4) that the vitamin 
is not adsorbed on charcoal can be most readily explained by the 
fact that they did not use sufficient adsorbent. With enough 
active charcoal the activity can be completely removed from 
aqueous solution. 


SUMMARY 


Considerable concentration and purification of the chick anti- 
dermatitis factor have been achieved by solvent fractionation, 
adsorption on norit, acetylation, and molecular distillation. The 
results of extraction with ether at various pH values have indi- 
cated that the factor is acidic in nature. Acetylation and hy- 
drolysis experiments have demonstrated that the vitamin contains 
one or more hydroxyl or amino groups. It has been found that 
the free vitamin is soluble in ethyl acetate, dioxane, glacial acetic 
acid, and in the solvents previously reported to dissolve it, and 
that it is insoluble in ether, benzene, or chloroform. It is ex- 
tracted from aqueous solution by ether, but not by the latter two 
solvents. When acetylated, however, it is also soluble in the three 
latter solvents. The acetyl derivative can be distilled at 100° 
and a pressure of approximately 10-° mm. of mercury. The 
barium and zinc salts are soluble in absolute alcohol. 


BIBLIOGRAPHY 


. Koehn, C. J., Jr., and Elvehjem, C. A., J. Nutrition, 11, 67 (1935). 

. Elvehjem, C. A., and Koehn, C. J., Jr., J. Biol. Chem., 108, 709 (1935). 

Koehn, C. J., Jr., and Elvehjem, C. A., J. Biol. Chem., 118, 693 (1937). 

. Lepkovsky, 8., and Jukes, T. H., J. Biol. Chem., 114, 109 (1936). 

. Jukes, T. H., J. Biol. Chem., 117, 11 (1937). 

. Mickelsen, O., Waisman, H. A., and Elvehjem, C. A., J. Biol. Chem.. 
124, 313 (1938). 

. Almquist, H. J., J. Biol. Chem., 120, 635 (1937). 


ee 


~ 























CHANGES IN LIPID COMPOSITION OF NERVES FROM 
ARTERIOSCLEROTIC AND DIABETIC SUBJECTS* 


By LOWELL O. RANDALL 


(From the Department of Biochemistry and Pharmacology, School of 
Medicine and Dentistry, The University of Rochester, 
Rochester, New York) 


(Received for publication, June 22, 1938) 


The peripheral nerves from diabetic subjects were found to 
have a markedly lower lipid content than those from normal 
controls (1, 2). The degree of chemical change was correlated 
with the degree of vascular change, the level of nerve examined, 
and also with the clinical manifestations of the disease process. 
The degenerative lesions, studied by histopathological methods 
(3), were also most marked toward the periphery. The fact 
that the chemical and histological changes were most marked 
toward the periphery, in which the vascular change was greatest, 
suggested that the factor of arteriosclerosis was the most marked 
feature associated with the pathological changes in nerves from 
diabetic subjects. 

Histopathological studies of peripheral nerves from extremities, 
amputated for arteriosclerotic gangrene, have shown a definite 
Wallerian degeneration and fibrosis (4). The changes were more 
pronounced in the distal portion of the nerve than in the proximal 
and were proportional to the degree of arteriosclerotic change in 
the vessels. It was suggested that ischemia was the fundamental 
factor in the neuropathology of arteriosclerosis and diabetes. 
The similarity of the neuropathological changes associated with 
diabetes and arteriosclerosis suggested a correlated study of the 
degree of chemical change in peripheral nerves from such subjects. 


* The experimental data in this paper are taken from a thesis submitted 
in partial fulfilment of the requirements for the degree of Doctor of Phi- 
losophy in Biochemistry in the Department of Biochemistry, University of 
Rochester. 
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Methods 


The control nerves were obtained from autopsies of subjects 
dying of various acute diseases. The possible effects of chronic 
wasting disease or old age on the chemical composition of the 
peripheral nerves were avoided. The series of nerves from diabetic 
subjects was obtained from amputations for gangrene. The 
arteriosclerotic series was obtained from amputations for arterio- 
sclerotic gangrene. 

The nerves were cleaned of extraneous tissue, and samples 
were weighed out for water and lipid determinations. The water 
content was obtained by difference after drying in an oven at 
105°. The tissue sample for lipids was ground in sand and ex- 


TaBLe | 
Lipid Composition of Nerves from Normal Subjects 


The values are given in per cent. 















































| Phospholipid | Cholesterol | Cerebroside | 5, ine 
Nerve No. of | moist | moist 
Ta | Moist Dr Moist | Dry | Moist | Dry | weight |weight 

weight | | weig t | weight |weight weight im t 
Femoral 23 | Mean 4.58 13. 36 | 1.45 | 4.37) 1. 59 | 5.36, 9.05 | 65.8 
| S.D. 0.59 | 2.23 | 0.31 | 0.79; 0.49 | 1.98) 4.68 5.0 
Sciatic 3 | Mean! 4.34 |13.58 | 1.47 | 4.59] 1.45 | 4. 52 9.03 | 68.0 
| $.D. 0.28 3.56 | 0.11 | 0.941 0.34 | 1.65) 3.15 5.2 
Posterior 12 | Mean! 3.87 e 4 1.30 | 4. 37 ay _ 4.24) 8.04 | 68.3 
tibial | s.v. | 0.53 | 4.00 | 0.24 | 1.51) 0.48 | 2.21) 3.38 | 6.9 





tracted with boiling alcohol and ether. Aliquots of the alcohol- 
ether extract were taken for the lipid determinations. Phos- 
pholipid, determined by Bloor’s method (5), represents the total 
oxidizable material in the acetone-insoluble fraction. Cholesterol, 
determined by Bloor’s colorimetric method, represents the total 
sterol as measured by the Liebermann-Burchard reaction. Cere- 
broside, determined by Kimmelstiel’s method (6), was calculated 
from the acid-hydrolyzable galactose in the alcohol-ether solution. 
Neutral fat represents the difference between the total fatty 
acids, determined by Bloor’s oxidimetric procedure, and the 
phospholipid fatty acids, assumed to be 70 per cent of the phos- 
pholipid. 


























“ 
| 
OS+ | O8%+ | O8F- | FH- | suc— | s'ee—| o'f9— | g'19— | eBuvyD* 
8°9 09°¢ 06°0 | 910 | 29°0 9t°0 | $O°T 9¢°0 ‘a's 
LL 62°01 (| 8te | 2480 | OT | 09°0 | Be | I | UBayY g [BIql) 10L1a480g 
= q9— | goo+| sos—| See—| es— | “1s—| eer—| 2°8e— | eBuvqy | 
a 9°F wo) 0— | L420 | 020 190 c1'0 ee | 180 ‘a's 
- £49 20 ST 96 | 19°0 90°% IZ’0 | SL 99°% uBaTY b | IBS 
mS F 3 , aysIem | wya1em | 1yaIOm YysI0M | am awyaiem | | eS hes ek ee: 
° 810m 4 S10 1 4810 4 4810 
SS acer | Le | fee) cae 
: = opysorqee 1030980104 | prdyjoudsoqa 
nae see os SS we me 











‘guo0 Jod ul U®AIZ 918 SONTBA IIL], 





spoalqngy ayosapsoiajsp wosf season fo uoyrsodwmoy pidrvT 
I] sav 















0° 8¢+ a de 9 L9- t'ZL— asuvyy | 





Z9°L ze 61'0 6£°0 ‘a's | 
| OL GI ZL'0 ZrO Lt | Uva, 9f [BIqt} 40L19480g 
| 8°6%+ b Ze b It- L0¢— amuRy,) | 
| 86°% 910 ZZ 0 LL0 ‘a's 
OL 16°0 98°0 tz | uve ¢ IDS 
| ¢'9e+ 9 te- £°6£- 9 $b— osuey,) 
| #2°8 8F'0 1¢'0 | £0°1 } a's | 
| SE°3l bO'1 88°0 8¢°% | Uva ae [Bsowag 


(Z ‘I) suOKeSIQsaaut snotaoid jo s3[Nnsey] 





9+ | soz—| sw—| oge—| Fe-—| OZ-—| Z'89- 











omposition of Nerves 























vi- | & | awuyy | 

28 wa | 0L°0 £20 49°0 , St'0 / 80% | g¢°0 ‘a's 

0&9 | eed rn | br 0 60° | 98°0 6¢'£ £% I | Usa a | [BIqty 1OLlaysod 

£°0I- bbe+ | 2 8h e2e— | 689- | ¢Z9- | SS9-— | S9E— | BuvyyH 
2 re | 4T | 8! ¢9°0 et'0 moO 86} Tt | SO ‘as 
~ om |coO et | wz 16°0 er geo | 69°F esl useyy, =F Sh ad a 
ne} a = - . . ——— ee 
‘Ss. UOIZBAIVSOAU! YUsseId JO 83[NSez] 
—_ EEE ie = ——eEeEO -_ 
— sytem =| 7qFIom wytiem | qysem | 4ysOM | iqtem | 

—_ i .. “Ml _| Wen 7a | ne te a. 9 | | “= jo | essen 

— apisosqese, ) jos9989/04,) pidtjoqdsoyug 

ge > OO ee ee ee seers be “quao iod ut uaa G18 SAN[BA IY] 

Po) spalqngy ayequuy wosf saasany fo uowrsodmo,) prdvT 
Rn 111 ev, 


















L. O. Randall 727 


Results 


Table I shows the means and standard deviations of the lipids, 
calculated on the moist and dry weight basis, in nerves from nor- 
mal subjects. Although the posterior tibial nerves appear to 
have slightly lower average values for the various lipid fractions, 
these differences are not significant. The data show only a 
slight indication of a correlation of composition with the level of 
the nerve examined, the lower levels tending to have the lower 
quantity of lipid. 

Table II shows the lipid composition of nerves from gangrenous 
limbs of arteriosclerotic subjects. Both the sciatic and posterior 
tibial nerves show extensive changes from the normal. The 
means of the phospholipid, cholesterol, and cerebroside are 
markedly lower in the abnormal nerves, while the neutral fat 
values are higher than normal. The water content did not change 
significantly. The percentage change from normal of the various 
lipid fractions is in about the same order of magnitude. The 
posterior tibial nerves show greater percentage change from the 
normal than the sciatic. This indicates a greater pathology of 
the distal nerves than the proximal. 

Table III shows the means, standard deviations, and percentage 
change from normal of nerves taken from gangrenous limbs of 
diabetic subjects. The means of values reported in previous 
publications (1, 2) are also given. In both series of nerves there 
is a marked decrease of phospholipid, cholesterol, and cerebroside 
from the normal means and a considerable increase in neutral fat. 
The distal nerves, the posterior tibial, show greater percentage 
change from the normal than the proximal. The magnitude of 
change is similar to that of the arteriosclerotic nerves. 

The various lipid fractions show percentage changes of similar 
magnitude. Each series of nerves demonstrates a greater degree 
of chemical change in the distal than in the proximal part of the 
peripheral nerves. 


DISCUSSION 


The decrease of phospholipid, cholesterol, and cerebroside in 
the nerves of arteriosclerotic and diabetic subjects is probably 
the result of autolytic, enzymatic processes in the degenerating 
nerves. The fatty acids, arising from the decomposition of 
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phospholipid, appear in the increased neutral fat fraction. How- 
ever, the wide variation of neutral fat in both the normal and 
abnormal series is due to the presence of variable quantities of 
depot fat in the connective tissues of the nerve trunk. 

A similar decomposition of the components of degenerating 
nerves was obtained by May (7). He found that, after cutting 
the peripheral nerves of the rabbit, lipoid phosphorus, protein 
phosphorus, and total phosphorus decreased extensively and the 
split-products appeared in the increased amount of water-soluble 
phosphorus. 

The similarity of the extent and quality of the chemical change 
in the two disease processes indicates a common factor operating 
in them. The greater extent of chemical change in the more 
distal parts of the nerves indicates that an inadequate blood supply 
and the concomitant anoxemia are the immediate causes of the 
decomposition of the lipid constituents, the structural elements 
of the nerve fibers. 


SUMMARY 


1. The phospholipid, cholesterol, cerebroside, neutral fat, and 
water contents were determined in the femoral, sciatic, and poste- 
rior tibial nerves from normal, diabetic, and arteriosclerotic 
subjects. 

2. The femoral, sciatic, and posterior tibial nerves from normal 
subjects did not show significant difference in composition. 

3. The peripheral nerves from diabetic and arteriosclerotic 
subjects showed marked decreases in phospholipid, cholesterol, 
and cerebroside, an increase in neutral fat, but no significant 
change in water content. 

4. The posterior tibial nerves showed more extensive change 
from normal than the sciatic and the latter more than the femoral. 
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STUDIES ON THE SPECIFICITY OF CHOLINE ESTERASE 


By DAVID GLICK 
(From the Laboratories of the Newark Beth Israel Hospital, Newark) 


(Received for publication, June 16, 1938) 


The present investigation was undertaken to determine the 
relation between the structure of various substrates and the 
action of serum choline esterase upon them. The comparison of 
activities with different esters should take into account two factors: 
the hydrolytic velocities compared should be linear functions of 
time, and these velocities should be independent of substrate 
concentration. The first factor requires observations of the 
amount of ester split after certain intervals to establish the slope 
of the activity-time curve, and the second necessitates the deter- 
mination of the initial velocities of hydrolysis with more than 
one substrate concentration to insure that further addition of 
substrate will not increase the speed of the splitting. In the past 
these points have been neglected in certain instances. 

Previous work upon the specificity of choline esterase was 
earried out chiefly by Stedman and coworkers (1-4), Kahane and 
Lévy (5), Roepke (6, 7), and Vahlquist (8). Stedman’s group 
collected evidence indicating that choline esterase is an enzyme 
distinct from lipase or simple esterase, and they rejected the im- 
plication of Vahlquist that this distinction was doubtful. Kahane 
and Lévy studied the hydrolysis of a variety of choline esters 
in connection with the effect of eserine in sensitizing tissues to the 
pharmacological action of these esters, and Roepke and associates 
investigated the affinity of the enzyme for a few substrates. 

In the present work a systematic study was made of the effect on 
the enzyme action of variations in the structure of the acid com- 
ponent and the hydrocarbon portion of the aleohol component of 
the substrate. In several cases the effect of changing the as- 
sociated anion was also observed. In addition the stereochemical 
specificity of choline esterase was investigated for the first time. 
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A few related compounds were studied in which there was no 
regular variation in structure. 


EXPERIMENTAL 


Method 


In order to follow the course of the undisturbed hydrolysis, 
the gasometric method, with the Warburg apparatus, was adopted 
(Ammon (9)). 1ml. of serum solution, prepared by diluting serum 
to the appropriate volume with bicarbonate-Ringer’s solution, 
was used in the side arm of the Warburg vessel, while 3 ml. of 
substrate solution were placed in the main chamber. The sub- 
strate was dissolved in bicarbonate-Ringer’s solution. The non- 
enzymatic control experiments contained 1 ml. of bicarbonate- 
Ringer’s solution in the side arm. 

The same stock of horse serum preserved over a few drops of 
CHCl, and stored at —6°, was used for all of the measurements. 
From time to time it was tested against acetylcholine chloride 
but its activity remained practically constant for the duration 
of the investigation. 

A mixture of 5 per cent CO, and 95 per cent N2 saturated with 
water vapor was passed through the vessels for several minutes 
in the usual manner before starting the experiment. The reaction 
was carried out at 30° and manometer readings were recorded at 
suitable intervals, depending upon the speed of the reaction. 
In every case the activity-time curve was constructed and only 
the initial linear portion was used as a basis for comparison. The 
final concentrations of ester employed were between 0.5 and 1.0 
per cent, but in every case a duplicate experiment with a higher 
substrate concentration was performed to observe whether a 
greater enzymatic activity could be elicited. Only data of maxi- 
mum initial velocities were considered. 


Substrates 


Compounds I, II, and VII to XIX were provided through 
the courtesy of Dr. R. T. Major of Merck and Company, Rah- 
way, New Jersey. The preparation and physical constants of 
these compounds have been described by Major and coworkers 
(10-12). Compounds XX to XXVI were kindly furnished by 
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Dr. A. Blankart of the Hoffman-La Roche Laboratories in Basel. 
Descriptions of these substrates have been given by Blankart 
(13). Compounds III to VI and XXVII were prepared by 
the author. 

Butyrylcholine Chloride, Compound III—8-Chloroethyl buty- 
rate was prepared from ethylene chlorohydrin and butyryl 
chloride. The fraction of the ester distilling over at 79-—80°, 
11 to 12 mm. of Hg, was sealed in a glass tube with an excess of 
anhydrous (CH;);N. After several weeks at room temperature 
the crystals of butyrylcholine chloride that had formed were 
washed with benzene and dried in vacuo. Cl, found, 17.2; theory, 
16.9 per cent. On complete hydrolysis 100 mg. liberated 4.70 ml. 
of 0.1 N acid; theory, 4.77 ml. 

Isobutyrylcholine Chloride, Compound IV-—8-Chloroethy] iso- 
butyrate prepared as above, distilling at 66-70°, 8 to 9 mm. of 
Hg, was sealed with (CH;);N. Analysis of the crystals gave 
Cl, found, 16.8; theory, 16.9 per cent. Hydrolysis of 100 mg. 
liberated 4.66 ml. of 0.1 N acid; theory, 4.77 ml. 

Palmitylcholine Chloride, Compound V—-8-Chloroethyl pal- 
mitate (m.p. 44°) was prepared and treated with (CH;);N as 
above. The platinum salt of palmitylcholine chloride, prepared 
with chloroplatinic acid, gave Pt, found, 18.0; theory, 17.9 per 
cent. By alcoholic alkaline hydrolysis 6.7 mg. of palmitylcholine 
chloride liberated 0.700 ml. of n/40 acid; theory, 0.710 ml. 

Benzoylcholine Chloride, Compound VI-—Choline chloride was 
refluxed with benzoyl chloride. The analysis of the product 
gave Cl, found, 14.5; theory, 14.6 per cent. Hydrolysis of 100 mg. 
liberated 4.20 ml. of 0.1 N acid; theory, 4.11 ml. 

Ethyl Ester of Betaine Chloride, Compound XX VII—This 
compound was prepared from ethyl chloroacetate and (CHs3)3N. 
Cl, found, 19.2; theory, 19.5 per cent; N, found, 7.63; theory, 
7.71 per cent. Hydrolysis of 100 mg. liberated 5.46 ml. of 0.1 N 
acid; theory, 5.51 ml. The chloroplatinate gave Pt, found, 
27.2; theory, 27.8 per cent. 

The results of the studies on both the purely enzymatic hy- 
drolysis and the alkaline hydrolysis alone are given in Tables 
ItoIV. Fig. 1 shows the results of an experiment typical of those 
from which the data in the tables were derived. In order to 
facilitate comparison, the enzyme data presented in Tables I to 
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IV were all expressed as the hydrolysis in 30 minutes effected by 
1 ml. of 10 per cent serum solution. The serum concentrations 
actually used, as well as the duration of the experiments, varied, 
depending upon the rate of hydrolysis. Usually 2 or 5 per cent 
rather than 10 per cent serum solutions and total reaction times 
from 30 to 300 minutes were employed. The data in Tables 
I to IV are extrapolations. 
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Fic. 1. Hydrolysis of optical isomers of acetyl-8-methylcholine chloride. 
O, enzymatic hydrolysis of d form; A, of | form; X, of dl form. Corre- 
sponding hydroxy! ion hydrolysis of all isomers is indicated by the broken 
line. 


DISCUSSION 


It is apparent from Table I that increasing the normal chain 
length of the acid component of the ester from 2 to 4 carbon atoms 
resulted in a considerable increase in the enzymatic splitting, and 
a decrease in the alkaline hydrolysis, of these compounds. The 
relative hydrolyses observed were in fair agreement with the 
data of Easson and Stedman (3) for the corresponding bromides, 
and, in the case of the propionyl derivative, with the data of 
Kahane and Lévy (5) for the perchlorate. Further indication 
of the negative réle played by certain anions associated with 
the ester was given by comparison of the data for Compounds XIX 
and XX (Table III). A comparison of the hydrolysis of Com- 
pounds IX and XII (Table II) and XXII and XXIII (Table ITI) 
lent additional evidence that increasing the length of the acid 
chain results in an increase of the enzymatic hydrolysis and a 
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decrease of the alkaline scission. However, this effect no longer 
held in the case of chains long enough to render the compounds 
water-insoluble, since the palmityl ester (Compound V, Table I) 
was barely affected by the enzyme. 

When the acid component was kept constant, and changes 
were made in the structure of the choline portion of the molecule, 
the following observations resulted: A methyl group introduced 
into the @ position effected a drop in both enzymatic and non- 


TABLE | 
Hydrolysis of Esters of Choline 


Non- | Enzymatic 





| enzymatic | hydrolysis 
— | hydrolysis | ———- 
extrapo- ated for 

veand Formula | iated for |30 min. and 
0. 30 min. and; 1 ml. 10 


| 1 percent | per cent 
| substrate | serum 


c.mm. COs | ¢.mm. CO» 








I (CH;);3N(Cl1)CH,-CH:-OCOCH; 13.0 | 225 
Acetylcholine chloride 

II (CH;),;N (C1)CH:-CH,-OCOC,H; | 9.0 | 325 
Propionylcholine chloride | 

III (CH;)3N (C1)CH;-CH,-OCOC,H; iy 78 510 
Butyrylcholine chloride 

IV (CH;)3N (CI)CH,-CH,-OCOCH(CH;), mi. 210 
Isobutyrylcholine chloride | 

V (CHs3)3N (C1)CH;- CH;-OCOC,;Hs iz | 1.2° 
Palmitylcholine chloride 

VI (CHs)sN (C1)CH:-CH,-OCOC.H; |} 40° | 5.4 

| 


Benzoylcholine chloride 





*A 0.2 per cent suspension was used. 


enzymatic hydrolysis (Compound VIII, Table II). If the methy! 
was placed in the 8 position (Compound IX), a further drop in 
alkaline splitting was found but the decrease in enzymatic hydroly- 
sis was extremely great. The hydrolysis of this compound was 
previously observed by Kahane and Lévy (5) and Roepke (7). 
Placing the group in the chain so that the ester linkage was further 
separated from the substituted amino radical (Compound XIX, 
Table III) effected increased non-enzymatic, but greatly de- 
creased enzymatic hydrolysis as compared to the a-methyl- 
substituted compound. Increasing the chain length of the 
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TaBLe Il 
Hydrolysis of Monoalkylcholine Esters 








ae 
poun 
No. 


Vill 


IX 


XI 
XII 


XIIL 


XIV 


XV 


XVII 


XVIII 





| 


Formula 


(CHs)sN (Ci7HysCOO)CH,- CH-OCOCHS, 

CH; 
dl-Acety|-8-methylcholine stearate 
(CH;);N (1)CH-CH,-OCOCH; 

CH; 
dl-Acetyl-a-methylcholine iodide 
(CH;):N (CI)CH,-CH-OCOCH, 

CH; 
dl-Acetyl-8-methylcholine chloride 
d-Acetyl-8-methylcholine chloride 
l-Acetyl-8-methylcholine chloride 
(CHs);N (CIOCH;-CH-OCOC;Hy, 

CH; 
dl-Caproy]-8-methylcholine chloride 
(CH;):N (CI)CH:-CH-OCOC,H,NO; 

CHs 
dl-p-Nitrobenzoyl-8-methylcholine chloride 
(CH;);N (C1)CH:-CH-OCOCH; 

C:H; 
dl-Acety!-8-ethylcholine chloride 
(CH;)sN (CI)CH,-CH-OCOCH; 

C;H; 
dl-Acety|-8-propylcholine chloride 
(CH;)sN (CI)CH,-CH-OCOCH,; 

C.Hy 
dl-Acetyl-8-butylcholine chloride 
(CH;)3N (C1I)CH,- CH-OCOCH; 

C.Hu 
dl-Acetyl-8-amylcholine chloride 
(CH;);N (CI)CH:-CH -OCOCH; 


CeHis 


| 
| 


d for 
30 min. and 1 per cent 


Non-enzymatiec hydrol- 
substrate 


ysis extrapolate 





c.mm, COz 


42.0* 


7.0 


5.0 


— - 
— OO @ 


1.1 


4.5 


3.0 


2.0 


1.4 


1.3 


Enzymatic hydrolysis | 


extrapolated for 30 
min. and 1 ml. 10 per 


cent serum 





e.mm, COs 


0.0* 


156.0 


3.6 


~ 
eo Oe 
oo f 


0.8 


10.0 


1.7 


3.2 


5.3 


7.4 








dl-Acety]-8-hexylcholine chloride 





*A 0.75 per cent suspension was used. 
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Taste III 
Hydrolysis of Esters of y-Homocholine and Its Derivatives 
Sg ete 
Bee [Ese 
sa* |B 3 
aw] Formula 232 “3-¢ 
No. ae #3\223 : 
Secs Z aa : 
?2 EZ|5Sez 
SSRSESTEL 
an 
cmm | mm 
COz | COs 
XIX (CHs)3N (CI)CH2-CH,- CH;-OCOCH; 8.0 | 12.0 
| Acetyl-y-homocholine chloride 
XX___| (CH;);N(D)CH:-CH:-CH,-OCOCH, 8.0 | 12.0 
Acetyl-y-homocholine iodide 
CH, 
CH | 
XXI | (CH,):N(I)CH.-CH;-CH:-OCOCH CH, ~—| 3.0 | 0.0 
\ 
CH,;—CH=CH, | 
| Allylisopropylacetyl-y-homocholine iodide 
CH; 
XXII | (CH;);N(1)CH.-C-CH.-OCOCH; 2.3 | 11.0 
CH; 
| Acetyl-8-dimethyl-y-homocholine iodide 
| CH, CH, | 
XXIII | (CH;)sN (I)CH,-C- CH,-OCOCH,- CH 1.6 | 38.0 
ms \ 
CH, CH, 
Isovaleryl-s-dimethyl-y-homocholine iodide 
| CH, CH | | 
XXIV (CH,),:N(I)CH.-C-CH,-OCOCH-CH (40 | 40 
CH; OH CH, 
a-Hydroxyisovaleryl-3-dimethyl-y-homocholine 
iodide 
vm, CH, yale 
\ . 
XXV C.Hs -N (I)CH:-C-CH;-OCOCH | 1.5%] 2.6° 
CH: CH, CH,—CBr=CH, 


Pheny]-2-bromoallylacety] (3-hydroxy-2,2- 
dimethylpropy!]) diethylmethyl ammonium | 
iodide 


*A 0.23 per cent solution (practically saturated) was used. 
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Tasie II]—Cencluded 





3 (E88 
so! bee 
22% eas 
Com: $35 #35 
No | oaens efis Py: 
Soce e585 
Pt 
Ebae seed 
Z. ina 
oi - ay 7 F c.mm, PPE, 
COz | COs 
| 
wen CH; A eH, 
XXVI | C,H.—N(CH;S8O,)CH;-C-CHy-OCOC—C,H; 4.2; 0.0 
CH, CH; OH | 
Diphenylhydroxyacety](3-hydroxy-2 ,2-dimethy]- 
propy!) diethylmethyl ammonium methy! sulfate 





8-alkyl-substituted choline ester from 1 to 6 carbons, Compounds 
IX, XIV to XVIII, resulted in decreasing alkaline splittings. 
The enzymatic hydrolyses were in irregular order for the methyl, 
ethyl, and propyl compounds, but a regular increase in scisson 
was found from the propyl- to the hexyl-substituted ester. It is 
to be noted that the introduction of two methyl groups into the 
chain of the y-homocholine ester, Compound XXII, had hardly 
any effect upon the enzymatic hydrolysis. Furthermore, an 
a-hydroxy group on the acid portion, Compound XXIV, effee- 
tively reduced the enzymatic splitting, possibly because of an 
affinity of the hydroxyl for the active group in the enzyme, similar 
to the case of liver esterase (14). 

The stereochemical specificity of choline esterase was brought 
out by the data for the isomers of acetyl-8-methylcholine, Com- 
pounds IX to XI. The inability of the enzyme to affect the levo 
member was interesting from the pharmacological view-point, 
since this isomer should then be destroyed more slowly in vivo. 
From this one would expect its pharmacological effect to be more 
prolonged than that of the racemic mixture now commonly used 
in clinical medicine. Prolongation of effect is often sought after 
in clinical applications. Apparently the levo compound has no 
affinity for the enzyme, since the splitting of the di and d esters 
was identical. 
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Two related non-choline esters were included in the present 
investigation (Table IV). Ethyl acetate was studied simply to 
provide a comparison of the hydrolytic activities of the serum 
when the alkyl-substituted amino group was absent. Kahane 
and Lévy (5) reported the hydrolysis of the ethyl ester of betaine 
by serum. This result could not be duplicated by the author. 
The sample of the ester used in the present instance had a high 
grade of purity, as may be seen from the analyses given. Two 
separate preparations, made from separate lots of purified starting 
materials, both gave the result shown in Table IV. 

There is no very satisfactory basis for an explanation of all of 
the results presented in the foregoing paragraphs. It might be 


TaBLe IV 
Hydrolysis of Two Related Non-Choline Esters 


Non- /| Enzymatic 
cnepmnatio | hydrolysis 








c a| | “Sctrapo- | Inted for 
bis x | Formula j lated for /30 min. and 
30 min. and) 1 ml. 10 
| 1 per cent | per cent 
substrate serum 
| Pre CO:2 aatiny De 
XXVII | (CH,)sN (CI)CH,COOC.H, | 13.0 | 0.0 
Ethyl ester of betaine chloride 
XXVIII | 


Ethyl acetate 


| 





CH;COOC,H; | 1 9 | 95.0* 








*No increase in activity was observed from 6.4 per cent final substrate 
concentration to saturated solution (8.6 per cent). 





supposed that the decreased enzymatic hydrolysis observed when 
branching alkyl groups are introduced into either the acid (Com- 
pound IV) or choline components (Compounds VIII, IX, XXII) 
would be the result of steric hindrance around the ester linkage in 
& manner similar to the effect of steric hindrance around the 
hydroxyl groups of aliphatic alcohols with reference to their 
inhibiting effects upon liver esterase (14). However, this view 
is not borne out by the data in the 8-alkyl-substituted choline 
esters (Compounds XIV to XVIII) or by the relatively slight 
reduction in the hydrolysis of Compound XXII as compared to 
XX. It is probable that steric hindrance with respect to the 
ester linkage is one, but certainly not the only, factor operating. 
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The surface effects, which undoubtedly play a part in the reaction 
between substrate and enzyme, are influenced by the size of the 
hydrocarbon portions of the ester molecules, and this factor may 
account for many of the effects observed. In general the surface 
activity increases as the hydrocarbon portion is enlarged and this 
should lead to greater facility of combination of enzyme and 
substrate. The enhanced enzymatic hydrolysis accompanying 
an increased length of the acid chain may be largely the result 
of this influence. Similar effects with other esterases have been 
observed, such as the increased hydrolysis by liver esterase of the 
a-monoglycerides from monoacetin to monocaproin (15). 


SUMMARY 


Both enzymatic and non-enzymatic hydrolyses of a variety 
of choline esters have been measured in order to observe the 
effect of substrate structure upon the choline esterase activity. 

Increased enzymatic scission accompanied lengthening of the 
acid chain, though with insoluble members such as palmitylcholine 
chloride and acetyl-8-methylcholine stearate little or no effect was 
obtained. 

Comparison of the present data with those reported by Easson 
and Stedman and Kahane and Lévy showed that interchanging 
the associated anion in the group, chloride, bromide, iodide, and 
perchlorate, had no demonstrable effect upon the hydrolysis. 

Introduction of an a-methyl group into the choline portion of 
the molecule effected a reduction in activity which was made more 
pronounced when the group was placed in the 8 position. Separa- 
tion of the substituted amino radical from the ester link, as in 
the case of acetyl-y-homocholine, also decreased the enzymatic 
scission. 

The effect of increasing the chain length of acetyl-6-alkylcholine 
chloride from 1 to 6 carbon atoms was studied. 

Little change was produced by adding two methyl groups to 
the center carbon atom in the y-homocholine chain. 

The enzymatic splitting was reduced by placing an a-hydroxy 
group in the acid component. 

For comparison ethyl acetate and the ethyl ester of betaine 
were included in the investigation. The latter was found to be 
unaffected by the enzyme, indicating that a requirement for the 
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choline esterase action is the presence of the substituted amino 
radical in only the aleohol component of the ester. 

The optical isomers of acetyl-8-methylcholine were tested and 
only the d member underwent enzymatic hydrolysis. Further- 
more, the 1 ester showed no affinity for the enzyme. 


The author wishes to thank Professor K. Linderstrém-Lang, 
Director of the Carlsberg Laboratory, Copenhagen, for placing the 
facilities of the laboratory at the disposal of the author for the 
preparation of certain of the choline esters used. Help with the 
manometric measurements afforded by Bella S. Antopol is grate- 
fully acknowledged. 
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The Fate of Hematoporphyrin after Parenteral Administration 


In a previous communication (1) a study was made to determine 
the substances contained in body fluids which serve as acceptors 
and are oxidized during exposure to light in the presence of hemato- 
porphyrin (Hp). It was found that the proteins and uric acid 
are photooxidized under these conditions and the influence of 
intensity of light, duration of exposure, concentration of substrate, 
concentration of sensitizer, pH, and temperature was studied. 
The present study deals with the fate of Hp injected by various 
routes into the body of living animals. 


Materials, Methods, and Technique 


Hp (Nencki) recrystallized twice was dissolved in saline, 
Ringer’s solution, or phosphate buffer of pH 7 and injected in- 
travenously, intraperitoneally, or subcutaneously. 

A pparatus—Respirometers, water bath, temperature, and light 
control were identical with those described in the previous com- 
munication (1). 

Disappearance of Hp from Blood Stream after Intravenous 
Injection—50 mg. of Hp per kilo of body weight were injected 
intravenously into a dog and samples of blood were taken after 5 
minutes, 27 minutes, 45 minutes, 95 minutes, and 25 hours. 
Cumulative lymph was obtained through a cannula from a large 


741 











742 Photodynamic Action 


lymphatic of the foreleg from 5 to 50 minutes, 50 to 90 minutes, 
and 25 hours after injection. Urine was collected by catheteriza- 
tion of the bladder, 50 minutes, 105 minutes, and 5 hours after 
injection. Control samples of blood, lymph, and urine were taken 
before the experiment was started. 

The concentration of Hp in blood plasma and urine was deter- 
mined colorimetrically; besides, samples of plasma and lymph 
obtained after injection were exposed to light in the water bath 
at 37.5° and the oxygen consumption per cc. of substrate before 
and during the irradiation was compared with that of control 
substrate without Hp as well as of samples containing known 
concentrations of Hp. 

The results concerning the blood plasma are given in Fig. 1, in 
which the colorimetric readings are plotted against time. Since 
the amount of Hp injected was calculated to be 1 mg. per cc. of 
plasma, the samples of plasma removed at various intervals were 
compared with a standard solution of 1 mg. of Hp in control 
plasma. On Fig. 1 is given the curve obtained by plotting the 
volume of oxygen consumed per cc. of each sample during 30 
minutes exposure to light against time. The volume of oxygen 
consumed by control plasma without Hp during the exposure of 30 
minutes duration to light of the same intensity was deducted from 
all values. Each point represents the average of four experiments. 
For comparison, the curve showing the influence of various con- 
centrations of Hp, ranging from 10° to 10 ~* per ec., on the oxygen 
consumption of control plasma during exposure to light under 
identical conditions is given on Fig. 1. The amount of Hp con- 
tained in the various samples of plasma removed after injection 
can be determined by drawing an abscissa from any point marked 
X of the curve to the right until it intercepts the curve showing 
the influence of the concentration of Hp on photooxidation of 
plasma; an ordinate drawn from the point of interception down 
to the bottom scale gives the concentration of Hp contained in 
the sample. 

A similar experiment was performed on a rabbit and the curve 
representing the volume of oxygen consumed during irradiation 
per cc. of plasma removed at intervals after intravenous injection 
of Hp is given in Fig. 2. 

The method of measuring the oxygen consumption during 
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irradiation seems more sensitive than the colorimetric method, 
since samples containing 0.01 mg. of Hp per cc. consumed definitely 
and measurably more oxygen than such without Hp. The color 
of the sample of blood plasma obtained 25 hours after injection 
was too faint to be read colorimetrically, while the same sample 
consumed oxygen during irradiation comparable to control plasma 
containing about 0.02 mg. of Hp per ec. Therefore, the base-line 
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Concentration of Hematoporphyrin 


Fic. 1. Disappearance of hematoporphyrin from blood plasma after 
intravenous injection (50 mg. of Hp per kilo of body weight). The curve 
without symbols represents the influence of known concentrations of Hp 
on the oxygen uptake of plasma during irradiation. 


representing colorimetric readings is drawn at a different level 
from that representing the oxygen consumption. 

Colorimetric readings showed that the concentration of Hp 
in the blood plasma had fallen from 1 mg. per ce. at the time of 
injection to 0.39 mg. after 5 minutes, to 0.26 mg. after 27 minutes, 
to 0.22 mg. after 45 minutes, to 0.17 mg. after 95 minutes, and 
was too faint to be read accurately 25 hours after injection. 

Measurements on the same samples on the basis of their oxygen 
consumption per cc. compared with the oxygen consumption of 
plasma containing known concentrations of Hp showed that the 
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plasma contained 0.24 mg. of Hp 5 minutes after injection, 0.14 
mg. of Hp 27 minutes, 0.12 mg. of Hp 45 minutes, 0.093 mg. of 
Hp 95 minutes, and 0.023 mg. of Hp 25 hours after injection. The 
discrepancy between the figures obtained by the two methods is 
difficult to explain and it remains to be seen which of the two is the 
more accurate. Nevertheless the general slope of the two curves 
is quite similar, indicating a rapid disappearance of Hp from the 
blood stream after intravenous injection. 

Colorimetric readings of the concentration of Hp in the urine 
showed that it contained 0.14 mg. of Hp per cc. 50 minutes, 0.093 
mg. of Hp per cc. 105 minutes, and 0.02 mg. of Hp per ce. 5 hours 
after injection. 

The samples of lymph collected after injection contained such a 
faint trace of color that they could not be read colorimetrically. 
When duplicate samples of lymph containing 1.03 per cent protein 
were irradiated under conditions identical with those described 
above, they consumed oxygen comparable to control lymph con- 
taining 0.009 mg. of Hp per ec. 50 minutes, 0.01 mg. of Hp per ce. 
90 minutes, and 0.02 mg. of Hp per cc. 25 hours after the in- 
travenous injection of 1 mg. of Hp per ec. of plasma. 

Appearance of Hp in Blood Stream after Intraperitoneal and 
Subcutaneous Injection—50 mg. of Hp per kilo of body weight 
were injected intraperitoneally or subcutaneously into six rabbits 
and six guinea pigs and samples of blood were taken by heart 
puncture before and after injection at various intervals. The 
oxygen consumption of the plasma of these samples during the 
irradiation was recorded and compared with that of control 
plasma containing known concentrations of Hp. Several of the 
animals died before the end of the experiment, due to the repeated 
heart punctures. 

The results of this study are given in Fig. 2 in which the volumes 
of oxygen consumed per cc. of plasma during 30 minutes exposure 
to light are plotted against time after injection. For comparison 
the curve representing the influence of various concentrations of 
Hp ranging from 10-* to 10-” on the oxygen consumption of 
control plasma is also given and the amount of Hp contained by 
the various samples of plasma removed at intervals after injection 
can be determined in the same way as described above. Each 
point represents the average of four experiments. 
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It can be seen that after intraperitoneal injection Hp appeared 
slowly in the blood stream and reached a concentration of 0.06 
mg. of Hp per cc. 24 hours after injection. Because of the death 
of all the injected animals, data for the complete curve were not 
obtained. 

The maximum concentration of Hp in the plasma of rabbits 
after subcutaneous injection was found to be 0.016 mg. of Hp 
per cc. 12 hours after the injection and about 0.01 mg. of Hp per 
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Fic. 2. Appearance of hematoporphyrin in blood plasma after subcu- 
taneous, intraperitoneal, or intravenous injection. The curve without 
symbols represents the influence of known concentrations of Hp on the 
oxygen uptake of plasma during irradiation. 


ec. in guinea pigs after the same time; no Hp could be discovered 
in the plasma in either animal 72 hours after injection. 

The bile of the gallbladder of all animals was examined spectro- 
scopically and was found to contain Hp after intravenous, subcu- 
taneous, and intraperitoneal injection. 


The Influence of Sensitizer on Photooxidation of Tissues 


Effect of Intravenous Injection of Hp on Oxygen Consumption 
of Tissues during Irradiation—White mice of homogenous stock 
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of the same age and the same weight (20 gm.) were injected 
through the tail vein with 0.1 mg. of Hp per gm. of body weight. 
After a varying time ranging from 5 minutes to 6 days after the 
injection the animals were sacrificed; certain organs were removed 
and finely sliced with a sharp razor blade. The slides of tissue 
were suspended in Ringer’s solution of pH 7 and, after being 
weighed, portions were placed in the respirometer bottles con- 
taining 1 cc. of Ringer’s solution. The oxygen consumption was 
then recorded in the water bath at 37.5° before, during, and after 
exposure to light for a period of 30 minutes each. For comparison 
control tissues were studied under the same conditions and for 
each experimental animal a litter mate was used as control. In 
this manner the influence of the irradiation on the oxygen con- 
sumption of skin, liver, kidney, and brain tissue was studied. An 
average of five experimental animals and five controls was used 
for the study of each organ. 

The results are given in Table I, showing the average oxygen 
consumption per mg. of tissue during 10 minutes of a 30 minute 
period. Each figure represents the mean of from eight to thirty- 
seven observations or an average of sixteen experiments. The 
column of Table I showing the difference between the readings 
divided by the difference of the probable errors always pertains 
to the figures before and during irradiation. It can be seen that 
the only figures of any significance at all are those showing an 
increase of the oxygen consumption during exposure to light of 
skin, 5 minutes, 30 minutes, and perhaps 1 hour after injection, 
and a questionably significant increase of the uptake of oxygen of 
liver tissue, 5 to 30 minutes after the intravenous injection of Hp. 

Influence of Concentration of Hp on Oxygen Consumption of 
Organ Tissues during Irradiation—In order to compare the effect 
of the unknown content of Hp in the organs after intravenous 
injection with the effect of known concentrations of Hp on the 
oxygen consumption during exposure to light, tissue slices of the 
same organs as studied above of control animals were dipped for a 
few seconds in solutions of different concentrations of Hp in 
Ringer’s solution of pH 7, rinsed with Ringer’s solution, and then 
suspended in Ringer’s solution. After certain portions were 
weighed out, the slices of tissue were placed in respirometer 
bottles containing 1 cc. of Ringer’s solution and the oxygen 
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consumption of these tissues was then studied in the water bath 
before and during exposure to light. The results are given in 
Table II which shows the oxygen consumption per mg. of tissue 
during 10 minutes of a 30 minute period. Each figure represents 
the average of five observations. 

It can be seen that the oxygen consumption of tissue slices 
increases rapidly during the irradiation with increasing concen- 
trations of Hp. Similar results were obtained with slices of tissue 
suspended in solutions of Hp of various concentrations in Ringer’s 
solution. 


TABLE II 
Effect of Dye Concentration on Photooridation of Tissues 
C.mm. of oxygen consumed per mg. of tissue during 10 minutes of a 30 
minute period. 











Exposed to light, 400 microam peres 
Organ eoetore | No hema- | Concentration of hematoporphyrin 
toporphy- 
rin 10 X 10-* | 50 X 10-* | 100 X 10° 
RD A i aig ie 2.4 2.4 4.66 10.7 13.3 
a 7.2 7.1 13.3 24.3 27.3 
EY Coe dno inces aacuat 12.3 12.4 21.3 31.3 35.3 
IE Waites de dthn an'cues 31.4 31.8 40.4 52.6 58.0 




















Excretion of Hp after Intravenous Injection 


Urine, bile of the gallbladder, and the contents of the intestines 
of each experimental animal were examined spectroscopically. 
It was found that urine of the mice contained Hp sporadically; 
Hp was found in the bile of the gallbladder of all animals killed 
from 5 minutes to 24 hours after the intravenous injection of Hp. 
The contents of the intestines showed the presence of Hp in all 
animals from 15 minutes up to 24 hours after the injection and 
was sometimes seen as early as 5 minutes after injection. 


DISCUSSION 


The rapid disappearance of Hp from the blood stream and its 
scarcity in the tissues after intravenous introduction demonstrate 
the efficiency with which the body is able to dispose of this patho- 
logical material. Practically all of the injected Hp is taken up by 
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the liver and excreted through the biliary tract into the intestinal 
canal; sometimes it is partly eliminated by the kidneys. On the 
basis of these experiments the effect of irradiation almost 2 months 
after intravenous injection of Hp, as reported by Meyer-Betz (2), 
is difficult to understand. 

If Hp is introduced intraperitoneally or subcutaneously, it 
appears in the blood stream soon after injection, reaches a certain 
maximum concentration, and gradually disappears when the 
depot is exhausted; from the blood stream it is again taken up 
by the liver and excreted into the intestinal canal by way of the 
biliary tract. The concentration of Hp present in the blood stream 
after parenteral introduction then depends on the amount of Hp 
injected, the method of administration, the time after injection, 
the rapidity of absorption, and the efficiency of elimination. Since 
photosensitization takes place only when sensitizer and acceptor 
are present and in contact with one another during irradiation, 
the effect of irradiation of an animal injected with Hp would then 
depend on the same factors, all other conditions being equal. 

From previous studies (1) showing that the proteins of body 
fluids are oxidized during irradiation in the presence of a sensi- 
tizer, it can be assumed that proteins of cells are the acceptors in 
photooxidation of tissues; this has actually been demonstrated 
for muscle tissue by Kosman and Lillie (3). It is not known what 
proteins of cells furnish the acceptors; different tissues apparently 
contain different quantities of suitable acceptors, because the 
oxygen consumption during irradiation varies with tissues of 
different organs even if all other factors are identical. 

The increase of oxygen uptake during exposure to light in the 
presence of a sensitizer is due to the oxidation of acceptors and is 
different from ordinary cell respiration in that it does not depend 
upon cellular structure, is not inhibited by hydrocyanic acid, and 
is not influenced materially by temperature (4). The findings of 
Medvédéva (5) that photodynamic substances (chlorophyll and 
fluorescein) cause a greater increase of tissue metabolism in the 
dark than during irradiation are contrary to those of most other 
observers. . The gaseous metabolism of living animals sensitized 
with eosin and exposed to light and the influence of adrenalin on 
normal and sensitized animals during irradiation and in the dark 
were studied by Gatsaniouk (6). He also reports a greater oxygen 
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uptake of sensitized animals kept in the dark than of those 
exposed to light. 

The studies on the photooxidation of tissue slices of internal 
organs after intravenous injection of Hp indicate that the con- 
centration of sensitizer in these organs is negligible; it may there- 
fore be concluded that the rdle which these organs play in photo- 
sensitization of living animals is minimal. In addition to the low 
concentration of sensitizer within these organs, much of the light 
is absorbed by the surface layers of the animal, so that the photo- 
dynamic effect on these organs is rather small. 

Tbe intravenous introduction of Hp seemed the best way to 
study the effect of sensitizer on different organs because of its 
greater concentration in the blood stream—at least soon after 
injection—which level is never reached after intraperitoneal or 
subcutaneous application. Since Hp injected parenterally is 
taken up from the blood stream by the liver, its concentration in 
this organ during the Ist hour after intravenous injection must 
necessarily be greater than that at any time after intraperitoneal 
or subcutaneous injection. The fact that its actual concentration 
in this organ under these optimal conditions is so low as to be 
almost not measurable strongly supports the idea that the effect 
of photosensitization of living animals does not depend on the 
photooxidation of tissues of internal organs. 

The oxygen consumption during irradiation of skin after 
intravenous injection of Hp is not greatly increased, indicating 
that little sensitizer is present; the small amount which is demon- 
strable is probably contained in the blood of the skin capillaries. 
No evidence of any storage of Hp in the skin could be demon- 
strated 24 hours after injection. Nevertheless it seems safe to 
assume that the skin and its capillaries play the most important 
role in the photosensitization of living animals: light can easily 
penetrate through the epidermis and reach the capillary blood 
stream containing a measurably effective amount of Hp within a 
certain time after the parenteral injection of the sensitizer. The 
proteins of the plasma as well as those of the tissues which are in 
direct contact with the sensitizer are oxidized during irradiation; 
oxygen is easily available within the circulation and it, as well as 
the acceptors, is constantly replenished. 

According to Ellinger (7) the number of open capillaries in the 
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human skin of certain areas is about 35 per sq. mm.; if this holds 
true for animals, the surface of the capillary bed reached during 
irradiation is considerable. 

The general effects of photosensitization of the living animal 
would then depend on the size of the surface area subjected to 
irradiation and would be due to the consequences of this primarily 
local damage. 


SUMMARY 


1. The concentration of the hematoporpbyrin in the blood 
stream after intravenous introduction decreases rapidly within | 
hour and is barely measurable 24 hours after injection. 

2. After intraperitoneal or subcutaneous introduction the 
hematoporphyrin appears soon in the blood stream, reaches a 
maximum concentration in from 12 to about 24 hours, and then 
gradually disappears from the circulation. 

3. Most of the hematoporphyrin circulating in the blood stream 
is taken up by the liver and is eliminated into the intestinal canal 
through the biliary tract; a small portion may sometimes be 
excreted through the kidneys into the urine. 

4. The concentration of hematoporphyrin in the internal organs 
after its intravenous introduction into living animals is negligible. 

5. Tissues of organs can be oxidized during irradiation in the 
presence of a sensitizer. 

6. The effect of photosensitization of living animals is due to the 
oxidation of acceptors of the plasma within the capillary circula- 
tion of irradiated skin and tissues of skin in contact with the 
sensitizer. 
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In connection with a study of the réle of certain metal ions as 
“activators” of liver arginase, Hellerman and Perkins presented 
evidence (1) for the existence of an enzyme in the jack bean which 
accelerates the hydrolysis of d-arginine. This catalyst at present 
may be referred to as jack bean arginase. Its activity, like that 
of liver arginase, was found to be enhanced significantly under 
well defined conditions by cobaltous ion or by certain other 
heavy metal ions. The decomposition of d-arginine in the pres- 
ence of the activated enzyme and of accompanying urease yielded, 
after a sufficient reaction time, almost 2 equivalents of ammonia. 

The description of the initial experiments ((1) pp. 189, 190) 
brought out that relatively crude preparations of jack bean urease, 
including crude crystalline urease, had been observed to possess 
argininolytic properties. Highly recrystallized urease (e.g., thrice 
recrystallized or more) was not used. There is no present reason 
to assign any catalytic activity other than the ureolytic to the 
highly recrystallized product, the identity of which as a homo- 
geneous protein is suggested by several lines of evidence. There- 
fore, the reference to crystalline protein urease in the paper by 
Hellerman and Perkins was not to have been construed as imply- 
ing that the urease molecule itself, as represented by Sumner’s 
highly recrystallized preparation, may in the presence of cobaltous 
ion, ete., assume argininolytic properties. Actually, recrystalliza- 


* This paper is based in part upon a section of a thesis submitted by C. 
Chester Stock in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy, the Johns Hopkins University. See following paper 
(11). 
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tions of urease appear to eliminate progressively the arginase 
activity! (cf. (2)). The crude crystallized preparations provided 
a convenient source of jack bean arginase, activatable by appro- 
priate heavy metal ions. The similarities in certain characteris- 
tics of the jack bean and liver argininolytic enzymes offer interest- 
ing suggestions concerning the nature of the arginine-arginase 
reaction. 

The evidence underlying the working hypothesis that liver 
arginase may consist of a metallo complex has been cited else- 
where (1, 3). It may be considered that a more or less separable 
metallic component is bound, presumably by coordinate bonds, 
to “donor” groups of a non-metallic part, probably of protein 
nature. It has been indicated further that the substitution of a 
constituent of the jack bean for the donor component of liver 
arginase and of such an ion as cobaltous for the metallic portion, 
in the enzymatic hydrolysis of d-arginine, suggests in a sense the 
construction of an artificial arginase (3). If, moreover, metallo- 
enzyme be assumed to have combined with d-arginine in the for- 
mation of a dissociable enzyme-substrate complex, a primary 
factor in the control of stability of the resulting complex molecule 
might reside in the coordinative linking of the enzyme’s metal 
ion to the substrate’s a-amino group. Such a process virtually 
would involve a competition between enzyme-metal ion and 
hydrogen ion for the substrate’s a-amino group in the pH range 
in which arginase is active. This is consistent with the following. 
From the magnitude of arginine’s several dissociation constants 
(4) it follows that the zwitter ion of isoelectric arginine, + [H.N= 
C(NH:)—N(H)]|—(CH2);—C(H)(NH:)—COO-, involves essen- 
tially the guanidinium cation and the carboxyl anion. In a 
titration of arginine from its isoelectric point to a region of lowered 
pH (e.g., pH 6.5), there is concerned chiefly the conversion of 
the a-amino group to the a-ammonium configuration (—NH: — 
—-NH;*). The work of Hunter (5) and of Edlbacher (6, 7) and 
their coworkers with pH-activity curves shows that liver arginase 
functions in a wide pH range (roughly pH 5 to 11). The liver 
preparation used by Hellerman and Perkins appears to contain 
material characteristic of native arginase, together with some 
inactive enzyme which assumes argininolytic activity in the 


! Perkins, M. E., unpublished experiments. 
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presence of certain salts. If our concepts relative to arginase 
have any validity, it must be anticipated that the addition of 
activating metal ion to arginine-arginase mixtures such as we 
have used should alter significantly the pH-activity curve. The 
argument may be extended mutatis mutandis to the behavior of 
jack bean arginase. 

This paper records exploratory observations upon the relation 
between activity and pH for jack bean arginase and upon modi- 
fications introduced by the presence of cobaltous, nickelous, or 
manganous salts, while the following paper gives simiiar data for 
the liver enzyme. There is presented alsc a brief account of the 
kinetics of d-arginine hydrolysis in the presence of jack bean 
arginase and cobaltous ion. In addition, there are included some 
experiments which illustrate the distortion of the titration curve 
of arginine in the presence of cobaltous, nickelous, or manganous 
ions and show in a preliminary way the relative abilities of these 
ions alone to combine with the substrate amino acid. 


EXPERIMENTAL 


Activity-pH Curves of Jack Bean Argininolytic Enzyme — The 
characteristics have been determined on the basis of the extent of 
hydrolysis of d-arginine in a given time, rather than by the ideal 
method of comparing the initial reaction velocities. The pro- 
cedure was considered admissible, since for comparative purposes 
only the main characteristics of the several curves were of interest. 
Pertinent is the demonstration by Hunter and Morrell, working 
with certain preparations of liver arginase, that curves so obtained 
are roughly similar to those given by a more rigorous method. 

Determinations were carried out as follows: To a solution 
(contained in a 25 ml. volumetric flask of resistant glass) composed 
of 10 ml. of buffer (see below), 46 mg. of d-arginine hydrochloride, 
and appropriate heavy metal salt were added caprylic alcohol 
(2 drops), 5 ml. of a solution containing 0.1 gm. of crude jack 
bean preparation (8) or crude crystalline (9) urease of comparable 
argininolytic activity, and redistilled water to make 20 ml. The 
mixture was kept for 24 hours at 30°, after which there was added 
1 ml. of 0.25 m sulfuric acid and the solution was heated 10 minutes 
at 100°; it was cooled and diluted to 25 ml. After filtration, 
ammonia in 10 ml. was determined by the usual aeration method 
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(ef. (1)) and estimated in terms of ml. of 0.0200 nN HCI neutralized. 
Appropriate controls were carried out upon reagents and the 
heat-denatured enzyme. Water redistilled in glass was used in 
all enzyme work. 

When activating metal salt was employed, there were present 
3 mg. of CoClh,-6H,0, 5 mg. of NiCl-6H,O, or 3 mg. of MnCl -- 
4H,0. 

The buffers used were acetate, phosphate, and glycine, respec- 
tively, for the ranges of pH 4.5 to 5.5, 5.7 to 7.8, and 8.2 to 12.6. 
The phosphate buffers (10) were used so that the tonic strength 
in the reaction mixture was 1. The glycine buffers were used 
with approximately the same ionic strength, while acetate buffers 
were employed in a final concentration of 1.0m with respect to 
total acetate. The pH of each buffer at the proper dilution was 
determined by means of a hydrogen electrode. Since the buffer 
salts may in varying degree display characteristic specific effects, 
some care must be taken in the comparison of results obtained 
with different kinds of buffers. The more significant changes 
resulting from the presence of the activating metal ions occur in 
the range covered by the phosphate buffers; primary considera- 
tion is to be given to the data obtained in this range. 

Fig. 1 gives the mean activity-pH curve for jack bean arginase 
and records, in addition, the data obtained when there was 
present cobaltous, nickelous, and manganous salt, respectively. 
Each curve is based upon a number of independent determinations 
of the relative activities through a range of pH from 4.5 to 12.6 
at intervals of 0.05 to 0.50 pH unit, the magnitude of the intervals 
depending upon the degree of change of slope of the curve (ef. 
(11)). 

Kinetics of d-Arginine Hydrolysis in Presence of Jack Bean 
Arginase and Cobaltous Ions — A suitable rate study promised to 
throw light upon the action of the argininolytic enzyme and upon 
the part played by urease in the over-all process. The results 
will be discussed in another section. 

After considerable preliminary work, there were found the 
conditions under which consistent, reproducible results were 
obtainable. Concentrations of certain reagents greater than 
those used in earlier work were found essential. Especially 
important was the use of more concentrated buffers, since under 
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the conditions (pH 7.5) a small change in pH affects appreciably 
the activity of cobalt-enzyme (cf. Fig. 1). The data reported 
here are from one of five similar runs, all of which yielded results 
which fit the simple first order relation. The values of the several 
average reaction constants obtained differed somewhat owing to 
variations in the enzyme content of the preparations used. 
Under the conditions of the present observations the urease 
contained in the jack bean preparations used has been found to 
effect in less than 1 minute the hydrolysis of a quantity of urea 
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equivalent to the total amount of the d-arginine originally present 
in the reaction mixtures. This is far more urea than could have 
been present at any time during hydrolyses of d-arginine in the 
presence of the jack bean enzymes under the conditions described 
(see (9)). 

Procedure — Solutions of d-arginine hydrochloride and jack 
bean preparation with cobaltous ion and buffer were mixed and 
kept at 30.0°. The time of mixing was noted and at definite 
intervals (¢ in Fig. 2) a 20 ml. sample was withdrawn from the 
reaction mixture. This was added to 1 ml. of hydrochloric acid 
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(1 m) in a 25 ml. volumetric flask, kept at 100° for 10 minutes and 
cooled. After the addition of water to the mark and subsequent 
filtration, 10 ml. samples were removed and aerated in the usual 
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Fig. 2. d-Arginine hydrolysis in the presence of jack bean arginase and 
cobaltous ion. The reaction mixture, total volume 160 ml., contained 
d-arginine hydrochloride 0.400 gm., CoCl,-6H,O 0.016 gm., phosphate 
buffer 1 m (pH 7.5) 80 ml., crude crystalline jack bean urease 8 ml., redis- 
tilled water to volume, a few drops of caprylic aleohol. The enzyme 
solution (8 ml.) contained crude crystalline urease derived from 32 gm. of 
jack bean meal (of an Arkansas crop purchased on the market). The rate 
of disappearance of the substrate under the conditions may be formulated 
as —ds/dt = ks, from which k = (2.303/t) X (log a minus log s), where 
k = the “specific reaction’’ constant, s = moles of substrate (d-arginine) 
present at time ¢, and a = the initial d-arginine concentration. For a 
may be used the calculated ml. of 0.0200 n HCl equivalent to the ammonia 
corresponding to complete hydrolysis of the d-arginine in 0.4 of a 20 ml. 
sample of reaction mixture (see the text); on the basis of 2 equivalents of 
NH;, a = 9.50. For s is used the value obtained by subtracting from a 
the ml. of 0.0200 n HCl required to neutralize the NH; formed at time / 
(h column). (The values listed for h have been corrected for the control 
on reagents and enzyme in absence of substrate; control = 0.10 ml. of 
0.0200 w HCl.) 


manner for the estimation of ammonia. Further details and the 
results are given in Fig. 2. 
Potentiometric Titrations; Distortion of Titration Curve of d- 
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Arginine in Presence of Ni**, Cot*, or Mn** — Data presented 
in this and the following paper disclose that effective heavy metal 
ions not only “activate” the argininolytic enzymes, but, in addi- 
tion, induce shifts in their activity-pH curves. As a preliminary, 
it seemed appropriate to inquire to what extent the modifications 
are related to the ability of the substrate, d-arginine, to form 
complexes with such ions. An exploratory study has been made 
with cobaltous, nickelous, and manganous salts. 

From the introductory paragraphs it might be inferred that an 
extension of the range of enzyme activity into a more acid region 
in the presence of cobaltous ion, for example, is to be correlated 
with the ability of cobaltous (or more pertinently the enzyme- 
cobaltous) ion to compete effectively in that region with hydrogen 
ion for a donor group such as the a-amino group. In addition, 
the precipitation of a metallous hydroxide would play its own part 
in the modification of the activity-pH relations. 

In our experience the actual isolation of nickelous or cobaltous 
complexes of arginine is not so simple a matter as the preparation 
of corresponding complexes derived from glycine or alanine. 
The latter were first studied by Ley (12). Nickelous glycine, 
neutral in character, may be designated by the accompanying 
formula. Although the situation is probably somewhat similar 


H 
HC————-C=0 

| ‘ 
HNH Oo” 


Nit» 
a, * 


—o  HNH 
| | 
o0—C———CH 
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for d-arginine, the presence of guanidinium groupings may influ- 
ence the physical properties of the complexes (here, complex 
ions) in the direction of increased solubility, etc. 

Early observation that complex formation with amino acids 
hinders the alkaline precipitation of metal ions has been elaborated 
by so called anomolous titrations. Such titrations have been 
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made upon mixtures of glycine and Mg++ by Zérkendérfer (13), 
upon hydroxy acids and Fe+*++ or Cu++ by Smythe (14), and 
upon hydroxy acids (and arginine) and Mn**+ by Main and 
Schmidt (15). In these studies there have been disclosed interest- 
ing shifts in the titration curves of various compounds in the 
presence of metal ions. 

In order to obtain data which might permit an approximation 
of the order of magnitude of the dissociation constants of metallo- 
arginine complexes, there have been carried out in this work a 
number of potentiometric titrations. With sodium hydroxide, 
solutions of nickelous, cobaltous, and manganous chlorides were 
titrated for the determination of the ranges of pH in which the 
ions are precipitated as “hydroxides’’ (cf. (16, 17)). In addition, 
d-arginine hydrochloride has been titrated in the presence of each 
of these salts. To the metal salt solutions to be titrated was 
added sodium chloride to its concentration in the arginine-metal 
ion titration mixtures at the point of hydroxide precipitation (i.e., 
about equivalent to the sodium hydroxide used). In the zones 
of precipitation there were encountered drifts in the hydrogen 
ion activity to more acid values, which in some cases persisted 
for several hours before the change in pH during 10 minutes was 
0.01 pH unit or less; therefore, care was taken to determine care- 
fully several points after the first definite precipitation of a metal- 
lous hydroxide was observed. Titrations were attempted at 
different times with both glass and hydrogen electrodes, the 
working half-cell being a saturated calomel electrode. The glass 
electrode used permitted the measurement of changes in pH of 
0.005 pH unit. It was calibrated on each day of use by measure- 
ment of six or seven appropriate buffers, the pH of which had 
been determined with a hydrogen electrode. In the range of pH 
2.0 to 8.0, there were obtained with the glass electrode the theoreti- 
cal values of AE/ApH; for the more alkaline range there were used 
calibration data in order to convert measured potentials to pH 
units. For the measurements with glass electrodes, the tempera- 
ture was controlled in an air bath at 30.0° + 0.03°. Purified 
nitrogen was used to stir the solutions and exclude air from the 
titration vessel, which was similar to that described by Clark (16). 

Discrepancies were noted in the determination of the pH zones 
of precipitation of the metal hydroxides both in the presence and 
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absence of arginine when the results obtained respectively with 
the glass and hydrogen electrodes were compared. The values 
obtained with the glass electrode are considered more reliable, 
for apparently the glass electrode is not affected by the hydroxides 
nor are the latter altered by the electrode. Nevertheless, the 
general results with both electrodes are similar qualitatively. So 
far as titrations of amino acid alone are concerned, they agree 
quantitatively. The heavy metal salts used were high grade 
commercial products; they were analyzed and upon the analyses 
were based the concentrations of metal ions used in the titrations. 
By precipitation of nickelous dimethylglyoxime, the NiCl,-6H,O 
used was found to contain the theoretical amount of nickel. The 
CoCl,-6H,O was found, by potentiometric titration with potas- 
sium ferricyanide (18), to contain 97.1 per cent of the theoretical 
cobalt content. In the MnCl,-4H,O, the manganese content 
was found by the use of sodium bismuthate to be 99.6 per cent 
of the theoretical amount. The purity of d-arginine and other 
organic compounds titrated was established by suitable analyses 
(total and a-amino N) and by the correspondence of the theoreti- 
cal and observed end-points in appropriate titrations. 

In addition to d-arginine, a number of other compounds were 
titrated in the presence and in the absence of Co*+*+, Ni**, and 
Mn**. Such compounds were glycine, 5-guanidinovaleric acid, 
and d-ornithine dihydrochloride. In most of these cases, the 
detailed characteristics are of little concern to the central topic 
of the present communications and are not presented here. They 
will be considered as occasion demands.’ 

Fig. 3 presents the titration curves (with the glass electrode) 
of d-arginine in the presence of and in the absence of several heavy 
metal salts. With the detail of the foregoing text the figure is 
self-explanatory. By way of illustration of the titrations of 
metal salts? alone some data are presented from the titrations of 
nickelous chloride in the absence of amino acid. Table I gives 
illustrative results. 

An analysis of the potentiometric titrations might permit some 
decisions regarding both the composition of the d-arginine-metallic 


? The details of all titrations are recorded in the dissertation of C. 
Chester Stock, on file in the library of the Johns Hopkins University. 
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complexes and the dissociation constants thereof. However, 
there would necessarily have to enter certain assumptions, the 
verification of which would require more extensive investigation. 
Since the immediate objective is met by a semiquantitative analy- 
sis of the data at hand, we prefer to leave the more rigid analysis 
to the future and shall proceed with the argument within restricted 
premises. On the basis of available collateral information con- 
cerning the nature of such nickelous complexes of the simpler 
amino acids as have been isolated (12) and of the nickelous, co- 
baltous, and manganous ammonium ions, it might be supposed 
that arginine forms with such metal ions an equilibrium mixture 
of complexes in which the form 2 arginine-1 metal ion quanti- 
tatively is an important component. Borsook and Thimann 
(19) came to a similar conclusion in their studies of cupric glycine. 
If it be assumed that a complex ion of this type is most character- 
istic for a divalent metal ion-arginine complex in the pH region 
where precipitation of the metal hydroxide is imminent, the dissocia- 
tion constant K, of the postulated complex ((RNH:)-Me)** may 
be calculated with the aid of the expression 


[Me**}] |RNH,]* 


(((RNH;);Me)**] 


e 


Substitutions are made with the use of the solubility product 
relation K, = [Me*+*][(OH~f for a given metal hydroxide and the 
equilibrium relation for the dissociation of arginine’s a-ammonium 
group (K’. under the conditions (see text) is taken as 1.29 K 10~°). 
Illustrative results for such calculations, based upon the data 
obtained in this work, are as follows:* 








Metal hydroxide | K, Postulated complex K, 
Nickelous. | 4.5xX 10" | (Ni (arginine),)** | 6 xX 10" 
obaltous. . 5X ‘0 (arginine). x 10- 
Cobal 6.5 x 10-5 (Co (arginine),)** 2 x 10-* 

13x 10% (Mn (arginine);)*+* | 7x 10 





Manganous.....| 





3 Approximations of the dissociation constants of nickelous-, cobaltous-, 
and manganous-arginine, presented in a preliminary report (20), were 
based upon data obtained with the use of the hydrogen electrode. For 
reasons already cited, they are considered less reliable than the values 


given here. 























ve 





+ Tirrarions oF 0-ARGININE HYDROCHLORIDE 
4 Q0004 mole of d-arginine hydrochloride 














2 20004 mole of d-argi , 
and 20002 mole of nickelous chloride 





















































; and 20002 mole of cobaltous chloride 
e 4 20004 mole of d-arginine hydrochloride 
and 20002 mole of maenganovs chloride 
. ~— Q ss T ~ = T | t Tt 
a H 
= “ 
rj ae A I 
— as 
\ = ae 7 
9 pe recip tates ~ ° 
——]  -P-- on eT 
: fo > — — —] aa 
0 | 
4 boi | a 
7] i i i i i i mer lL ot —o 0 i 
Qo / 2 J3 A Ss 6 7 ro J g 2) “ 
MILLILITERS OF QOS506 N NAOH Soivurion 
Fia. 3 
TABLE | 


0.00032 mole of sodium chloride. 


Titrations of Nickelous Chloride with Sodium Hydroxide 
Solution A. 40 ml. containing 0.0002 mole of nickelous chloride and 


(The latter salt was added in an amount 


equal to that formed during the titration of arginine hydrochloride and 


nickelous chloride to the point of precipitation of nickelous hydroxide.) 


Solution B. 50.4 ml. containing 0.0002 mole of nickelous chloride and 
0.0004 mole of sodium chloride. 
A glass electrode was used; temperature, 30.0° + 0.03°. 








Solution A | Solution B 

0.0506 » NaOH pH 0.0500n NaOH | 
ml. mi. 
0.00 6.20 0.00 
0.04 7.82 0.03 
0.08 7.90* 0.06 
0.12 | 7.93t 0.17 

| 7.75% 0.23 

0.45 
0.82 7.92t 0.75 
7.75t 0.97 


* Precipitation of metal hydroxide. 


t Initial pH after addition of NaOH. 
t pH at which drifts ceased. 
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pH 


5.45 
6.45 
6.89 
7.90* 
7.97 
8.00 
8.00 
8.00 
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The determination of the hydrogen ion concentration at the point 
where a metal hydroxide just begins to precipitate when an amino 
acid-heavy metal salt mixture is titrated with sodium hydroxide 
rests upon the assumption that the solutions are in true equilib- 
rium with the solid phase which, for present purposes, is considered 
to consist essentially of the species Me(OH):. This introduces 
a rather important source of uncertainty. The observations 
upon which the illustrative results are based were found to be 
fairly reproducible. It may be noted that an error in the deter- 
mination of pH at the precipitation point amounting to 0.05 to 
0.1 pH unit would change the values of A. within a range of 
1 X 10". The experimental difficulties and the assumptions 
underlying the calculations of the dissociation constants, K,, 
strictly limit their applicability. However, the numerical values, 
presented for comparative purposes, suffice as tentative approxi- 
mations. A more rigorous analysis should furnish a more general 
and useful evaluation. 


DISCUSSION 


In Fig. 1 is depicted the effect of certain activating heavy metal 
ions upon d-arginine hydrolysis in the presence of the jack bean 
argininolytic enzyme with buffers of widely varying pH values 
but of approximately constant ionic strength. Further elabora- 
tion of such data did not seem advisable with the enzyme prepara- 
tions available. The activity-pH curves show characteristic 
differences. Manifest is the enhancement of catalytic activity 
in the presence of cobaltous and of manganous ion. Of particular 
interest is the ability of the cobaltous ion to effect an extension 
of the range of enzyme activity into a pH region considerably less 
alkaline than that observed for the enzyme without added heavy 
metal salt. The range of optimal activity is shifted from the 
region of pH 9 to about pH 7.7. Even more striking is the steep 
ascent to its first inflection of the curve representing cobaltous- 
activated enzyme; the rise to a maximum is within a pH unit or 
less. This is in marked contrast to the behavior of liver arginase 
(see Fig. 1 and (11)). For the latter enzyme the inception of 
cobaltous activation is at pH 4.5, the activity being maximal at 
pH 7.5. On the other hand, jack bean enzyme with Co** displays 
negligible activity below pH 6.7, and maximal at pH 7.7. Another 
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point of difference is seen in the behavior of the enzymes with 
nickelous ion; with nickel salts, under the conditions used, the 
jack bean enzyme is not efficiently activated. These and other 
differences constitute strong evidence of the non-identity of the 
two catalysts as chemical individuals. 

From the observations of negligible jack bean argininolytic 
activity below pH 6.7 (with or without added metal ion) arises a 
consideration of some importance in analytical work. For ex- 
ample, an adjustment of the hydrogen ion concentration to pH 
6.0 in a reaction mixture containing jack bean enzymes can be 
used to eliminate the argininolytic activity; under the conditions 
the ureolytic principle remains sufficiently active for analytical 
purposes. 

The activity-pH curve for cobaltous-enzyme displays an apparent 
subsidiary optimum around pH 9, which is approximately the re- 
gion of characteristic inflection for the “native” jack bean enzyme. 
There is a suggestion of a second optimum also in the curve for 
manganous-enzyme. Elaboration of the argument that each of 
these curves reflects the properties of a mixture of enzymes differ- 
ing only in their metallic components would be gratuitous at 
present. Similar behavior is exhibited by liver arginase (11). 

Although it has been found convenient to visualize the arginino- 
lytic enzymes as metallic complexes and this conception has aided 
experimentation, it must be recalled that there is as yet little 
direct evidence of their chemical nature. Moreover, there is no 
anticipation that the structure of any coordination complex 
elaborated by combination of a metallo-enzyme and its substrate, 
or the stability of the resulting molecule and its other attributes, 
would be closely comparable with the corresponding characteristics 
of a simple amino acid-metal complex such as nickelous-arginine 
or nickelous-glycine. Nevertheless, it was deemed advisable, 
for reasons discussed earlier in this paper and in order to gain 
additional information regarding the general behavior with amino 
acids of the activating ions, to ascertain the relative abilities of 
certain of these ions to combine with d-arginine. The measure- 
ments have shown that for the salts used specifically in the 
activity-pH studies, the respective ions in the order of stability 
of their complexes with d-arginine are Ni**+ > Co**+ > Mn**. 
A similar relationship also was found? to obtain, qualitatively, 
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for the corresponding complexes of glycine. The presence of 
heavy metal ions used in these titrations has thus the effect of 
displacing the titration curves of the a-amino groups of either 
glycine or d-arginine to a more acid region. In titrations designed 
to indicate the shift in pH with respect to variation in the ratio 
of concentrations of cobaltous (or nickelous) ion to d-arginine, it 
was observed that the greater shifts occurred when a compara- 
tively small proportion of metal ion had been added; for example, 
there was little further shift in the titration curve of d-arginine’s 
a-amino group when there had been added heavy metal ion in 
excess of an amount equivalent to the d-arginine present. While 
these titrations have yielded no final information concerning the 
composition of the complexes, they are of interest in connection 
with some observations of Levy (21) dealing with titrations of 
d-arginine in the presence of formaldehyde. Of the latter reagent, 
an amount greatly in excess of the concentration of d-arginine was 
required to produce the largest shifts in the titration curves. 

Of considerable importance to this investigation is the question 
whether a relationship exists in the variations to be noted in the 
activity-pH curves and the relative ability of effective activating 
ions, in general, to form coordination compounds; e.g., with d- 
arginine. In considering this question it must be emphasized 
that the conditions under which the two sets of data were obtained 
are conspicuously different. For example, heavy buffering is, of 
necessity, required in the pH-activity studies. Furthermore, the 
postulated non-metallic donor component‘ of the enzyme would 
play a rdéle in the shaping of the pH-activity curves, not alone 
through variation of its stability with changing pH (cf. (22)) but 
further through changes in ionic species involving groups more 
or less associated with its activity. Such effects may also account 
in part for the major differences in the corresponding pH-activity 
curves for liver arginase and the jack bean enzyme. The ability 
of effective heavy metal ions to cause a shift in the enzyme’s 
pH-activity curve is less apparent in jack bean arginase than in 
liver arginase (11), because the pH range of activity is in general 
less broad in the former case. Nevertheless, it seems clear that 


* Metallo-enzyme would represent a kind of “‘holoenzyme’’; donor com- 
ponent of arginase, the corresponding “‘apoenzyme’’ (cf. (23)). 
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under the conditions cobaltous ion has widened the range of 
activity of the jack bean enzyme also, effecting a definite shift 
of the ascending branch of the activity curve into a less alkaline 
region. A similar extension evidently is not associated with the 
action of the manganous ion, an almost equally potent activator. 
It is tempting to correlate these observations with the findings 
concerning the stability of d-arginine-metallic complexes; speci- 
fically, that the stability of certain d-arginine-cobaltous complexes 
is appreciably greater than of supposedly comparable d-arginine- 
manganous complexes. Is the shift of the activity curve in the 
presence of the cobaltous ion to be attributed, in a measure, to 
the ability of the metal ion, through coordination with a-amino 
groups (and carboxyl anions) to “‘withdraw” the substrate, d- 
arginine, in the region of activity of the corresponding metallo- 
enzyme? 

There remain to be considered the results of experiments deal- 
ing with the kinetics of hydrolysis of d-arginine. When the cata- 
lyst is jack bean arginase with a cobaltous salt, the process, under 
the conditions, is pseudomonomolecular. This is comparable 
with our previous observations with liver arginase. However, 
in the present instance urea, a product of the initial hydrolysis, 
does not accumulate, since urease is a constituent of the enzyme 
preparation used. In an earlier report ((1) p. 189) the question 
was raised whether the argininolytic effect here might be attribut- 
able essentially to the efficient removal of the urea formed in an 
initial hydrolysis of a metal-activated complex of d-arginine. A 
consideration of the relative rates of hydrolysis in the involved 
reactions has permitted a negative answer. In addition, as will 
be shown elsewhere, the non-enzymatic (hydroxyl ion-catalyzed) 
hydrolysis of d-arginine to urea and ornithine is very slow and is 
not hastened in appropriate regions of pH by the presence of small 
amounts of metal ions which can activate the argininolytic en- 
zymes. The results from rate measurements are consistent with 
the observations referred to in the introductory section respecting 
the negligible effect upon d-arginine of cobaltous salts with highly 
recrystallized urease. The argininolytic action is evidently 
independent of the ureolytic. 

In general, the results of this investigation, while suggesting 
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the non-identity of liver arginase and the jack bean argininolytic 
enzyme, at the same time emphasize a similarity in the mode of 
their participation in d-arginine hydrolysis. For the two enzymes 
there has been indicated also a similar specificity (11). 


SUMMARY 


1. For exploratory purposes there have been evaluated under a 
severely restricted set of conditions activity-pH curves for the 
jack bean argininolytic enzyme. These curves depict character- 
istic changes induced by several effective activating heavy metal 
ions. The data have suggested a useful application in the estima- 
tion of urea in the presence of d-arginine and in the evaluation of 
liver arginase activity. 

2. By means of appropriate potentiometric titrations there was 
ascertained the relative stability of complexes formed by d-argi- 
nine with nickelous, cobaltous, and manganous ions. The bearing 
of the data upon certain characteristics of the pH-activity curves 
has been considered. 

3. Studies of the kinetics of d-arginine hydrolysis in the presence 
of the jack bean enzyme and cobaltous ion at pH 7.5 have disclosed 
that the process, similar to hydrolysis catalyzed by liver arginase, 
is pseudomonomolecular. The argininolytic activity of the jack 
bean depends in no observable way upon urease as such. 

4. There have been pointed out certain differences in the char- 
acteristics of liver arginase and the jack bean enzyme as well as 
the apparent similarity in the mode of their “activation” and of 
their action. The results appear to have significance for the 
elucidation of the réle of metal ions in the enzymatic hydrolysis 
of d-arginine. 

5 Iwabuchi has reported (24) failure to confirm the argininolytic action 
of jack bean preparations. Since he does not present his data, his work 
cannot be evaluated. His experiments may have been conducted in ranges 
of pH unfavorable to the enzyme’s activity or his preparations may have 
been poor in the argininolytic factor. Sumner and Dounce (2) have con- 
firmed the observations (1) relative to the arginase-like property of certain 
jack bean preparations with cobalt salts. It is important to note that 
whole jack bean meal contains a hydrolyzable substrate upon which an 
enzyme, also contained in the meal, may act under suitable conditions, 
especially in the presence of activating heavy metal salts. It is conceivable 
that the substrate is canavanine and that the canavanase is identical with 
the enzyme, termed in this paper, ‘‘jack bean arginase’’ (cf. (11)). 
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More recent studies of the properties of arginase have stressed 
the probable significance of metal ion chemistry for the mechan- 
ism of its action (1). Previous reports (2, 3) from this laboratory 
have dealt with the inhibition of activity of liver arginase by a 
variety of reagents and the restoration of activity by certain heavy 
metal ions (especially Co**, Ni**, and Mn**), with the existence 
of an argininolytic enzyme in the jack bean which also is remark- 
ably activated in the presence of certain of these ions, and with 
evidence pointing to a possible réle of metal-coordinative proces- 
ses in the enzymatic hydrolysis of d-arginine. 

From potentiometric titrations of d-arginine in the presence of 
heavy metal ions (3) it is clear that the a-amino group plays an 
important rdle in the formation of metallo complexes derived 
from this amino acid. In this respect arginine as compared with 
simpler amino acids (e.g., glycine) displays no essential peculiar- 
ity. This raises a question with reference to the necessity for the 
a-amino substituent in the substrate upon which the argininolytic 
enzymes act. Insufficient information upon this point has been 
afforded by the already extensive studies upon the specificity of 
arginase. ~ 


* For related studies dealing with certain adjacent fields of biological 
catalysis and not included in the numbered series, see (1) and Am. J. 
Physiol., 120, 522 (1937). 

t This paper is based upon a section of a thesis submitted by C. Chester 
Stock in partial fulfilment of the requirements for the degree of Doctor of 
Philosophy, the Johns Hopkins University. See preceding paper (3). 
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In this paper are recorded observations which depict the modi- 
fications induced in the activity-pH curve of liver arginase under 
certain conditions in the presence of manganous, cobaltous, or 
nickelous salts. Circumstantial evidence suggesting that the 
a-amino group of d-arginine (S) may play a réle in “anchoring” 
the postulated metallo-enzyme (£) in the sense of Equation 1 


E+S2 ES (1) 


is strengthened by more direct evidence bearing upon the indis- 
pensability of this substituent group for the enzyme’s efficient 
functioning. It is shown that the hydrolysis of neither 6-guanidi- 
novaleric acid nor argininic (é-guanidino-a-hydroxyvaleric) acid 
is effectively catalyzed by liver or jack bean arginase. The re- 
sults reinforce the observations of other investigators in emphasiz- 
ing the rather striking specificity in the enzymatic hydrolysis of 
d-arginine. This has prompted a comparison with the kinetics 
of hydrolysis of various guanidino compounds in the presence of 
an adequate concentration of hydroxy] ion to replace the enzymes 
as catalysts. Conditions are described for the controlled hydroly- 
sis of d-arginine, 5-guanidinovaleric acid, argininic acid, glycocy- 
amine, and guanidine. There have appeared important distinc- 
tions in the characteristics of the enzymatic and hydroxyl ion- 
catalyzed processes; in addition, the results have disclosed that 
d-arginine, as compared with other guanidines, possesses no un- 
usual inherent instability toward hydrolysis. 

Current studies in this laboratory are emphasizing also the 
nature of arginase as it occurs in tissue extracts. 


EXPERIMENTAL 


Activity-pH Curves of Liver Arginase; Effect of Ceriain Heavy 
Metal Salts—The preparation of crude arginase was carried out 
according to the directions of Hellerman and Perkins (2). It was 
found most convenient to reextract calf liver tissue several times 
and to combine the fluid extracts before going on with the several 
manipulations preceding the acetone precipitation. The use of 
glycerol is probably unnecessary. The use of a centrifuge before 
the precipitation step ordinarily may be omitted. Ample acetone 
is required in the drying process. From the dried acetone pre- 
cipitate, arginase solution was prepared as previously directed. 

The activity-pH curves were evaluated on the same basis as 
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that described by us previously (3). It was considered unneces- 
sary at this time to try to employ a more ideal procedure. There 
is considerable variation in the rate of destruction of liver arginase 
with change in the hydrogen ion concentration in certain regions 
(4). With a reasonably “stable’’ enzyme preparation and the 
use of relatively short periods of hydrolysis, there were obtained 
data with which could be delineated the major differences in the 
activity curves. 

The buffers used, the pH intervals at which observations were 
taken, the ionic strength in d-arginine-arginase mixtures, and the 
amounts of activating heavy metal salts added were all as speci- 
fied in the preceding paper (3) in which we presented activity-pH 
curves of jack bean arginase. 

The arginase solutions used varied somewhat in enzyme con- 
tent. It was impracticable to make from one preparation simul- 
taneous determinations of all the necessary data. However, in 
repeated determinations the zones of pH for optimal activity in 
the case of each enzyme preparation remained the same. In 
addition, the relative degree of activation referable to each of the 
several added metal ions was substantially as given in Fig. 1, 
which presents mean curves based on all the data. 

Procedure—Water redistilled in glass was used. The reaction 
vessels were 25 ml. volumetric flasks of “resistance”’ glass. To a 
solution containing 10 ml. of buffer, 46 mg. of d-arginine hydro- 
chloride, and appropriate heavy metal salt were added 5 ml. of 
arginase solution and water to make a total volume of 20 ml. 
After the further addition of 2 drops of caprylic alcohol, the mix- 
ture was kept at 37° for 34 hours and then heated at 100° for 10 
minutes (to destroy arginase). Adjustment to pH 7 was made 
and there were added 16 mg. of sodium cyanide, 0.1 gm. of crude 
urease, and 1 m phosphate buffer of pH 7.5 to the 25 ml. mark. A 
little caprylic alcohol was added and the mixture was permitted 
to stand at 30° for about 16 hours, after which it was filtered and 
the ammonia in 10 ml. of the filtrate estimated in the usual manner 
(2) in terms of ml. of 0.0200 n HCl neutralized. 

Elaborate controls were carried out upon reagents and heat- 
denatured enzyme; the controls included determinations in which 
substrate or enzyme was omitted and estimations of pure urea 
under the conditions of the various runs. There were obtained 
blanks representing ammonia from the enzyme and reagents 
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equivalent to as much as 0.35 ml. of 0.0200 nN HCl. Suitable cor- 
rections were applied throughout. 

Note on Estimation of Urea—aAs pointed out by Stock, Perkins, 
and Hellerman, the activity-pH curves for the jack bean arginin- 
olytic enzyme suggest that the “arginase activity” of jack bean 
preparations, even in the presence of the activating ions, Co**, 
Mn**, or Ni**, may be abolished without gross impairment of the 
ureolytic activity if the hydrogen ion concentration of a reaction 
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mixture is adjusted to a value below pH 6.5. Dr. M. M. Richards 
finds' that liver arginase activity may be reliably evaluated or 
urea in the presence of d-arginine and “activating” salts accurately 
determined under conditions similar to those of the “‘Procedure”’ if 
the reaction mixture (after being heated and cooled) is treated with 
16 mg. of sodium cyanide and then brought to pH 6 by the addi- 
tion of hydrochloric acid before the addition of urease and buffer 
solution of pH 6. The use of cyanide is still found advantageous 
(2); hydrocyanic acid supports the action of urease (1). After 


1 Unpublished experiments. 
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2 hours at 30°, the reaction mixture is analyzed for ammonia by 
2 hours aeration in the usual fashion. The titration mixture may 
be stirred with a stream of clean, CO,-free air, chlor-phenol red 
being a convenient indicator. 

Specificity of Arginase in Relation to Réle of a-Amino Group in 
d-Arginine—The work of a number of investigators has suggested 
that alterations in the d-arginine molecule (e.g., esterification) pre- 
vent or markedly hinder the action of arginase. Inactivity has 
been observed with certain lower analogues and with some a-am- 
ino-substituted derivatives. In addition, the specificity con- 
cerned with the enantiomorphs of arginine is at least one of degree 
(5). Information concerning the essentialness of the a-amino 
group is conflicting or indecisive. It has been reported that one 
guanidino group of arginylarginine is hydrolyzed (6), that a, N- 
benzoylarginine is hydrolyzed at pH 6.5 to 7.5 (but not above or 
below this pH range) (7), and that a,N-methylarginine is not 
attacked (8). Observations of argininic acid hydrolysis in the 
presence of arginase were reported by Calvery and Block (9) and 
by Felix and Muller (10), although Felix, Muller, and Dirr (7) had 
failed previously to observe such hydrolysis. 

The present investigation includes a study of the behavior of 
our preparations of liver arginase and of jack bean arginase, in 
the absence and in the presence of certain activating metal salts, 
with certain analogues of arginine (6-guanidinovaleric acid and 
6-guanidino-a-hydroxyvaleric (argininic) acid) as compared with 
the behavior of these enzymes with d-arginine under the same con- 
ditions. 

Preparation of 6-Guanidinovaleric Acid—The method of prepara- 
tion is that of Ackermann, Engeland, and Kutscher (11). They 
reported that an abundant crust of the compound is obtained 
after an ammoniacal solution containing specified amounts of 
cyanamide and 46-aminovaleric acid is allowed to stand for 5 
weeks. The product was analyzed (N). According to conven- 
tional formulas, the process is depicted thus: 

NH 
H 
H,N—C=N + H,N—(CH,),—-COOH — H,N—-C-—-N—(CH,),--COOH 

We proceeded as follows: 6-Aminovaleric acid hydrochloride, 
5.06 gm., and cyanamide, 1.41 gm., were dissolved in the minimum 
amount of water in a 50 ml. beaker. The solution was made 
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slightly alkaline with ammonia. After 3 weeks, hard clusters of 
crystals of 46-guanidinovaleric acid had formed; these were col- 
lected, washed with 95 per cent ethanol, and crystallized from hot 
water. The solution gave a positive Sakaguchi test (12) and a 
negative chloride test. The product decomposed at 273°; it was 
ground with absolute ethanol, freed of alcohol by filtration, and 
recrystallized from hot water. Two preparations yielded 4.62 gm. 
The capillary “melting point’’ was observed in a bath preheated 
to 270°; decomposition point, 283.5-284.5° (corrected). The 
previously reported melting point was 265-266°. 
Cc H N Ash 
Calculated for CsHisN;O2.......... 45.25 8.2 26.4 
Found (Pregl microcombustions)*.. 45.26 8.1 26.5 0.12 

Sodium hydroxide may be used instead of ammonia to bring 
the reaction mixtures to slight alkalinity. From preparations 
in which were used 3.0 gm. of 5-aminovaleric acid hydrochloride 
and an equivalent amount of cyanamide with sodium hydroxide 
there were obtained in 2 days yields of 1.0 to 1.5 gm. of 6-guanidin- 
ovaleric acid. The products contained little ash. 

Preparation of Argininic Acid—The method of Felix and Muller 
(13) was used. Some deviation was found necessary, owing to 


H H 
H.N=C —N—(CH;)s —C—CO0O0- 
+ 


NH, NH,Cl 
H H 
———~ H,N=C-——-N—(CH.);—-C—CO00- 
(+ AgNO,) * ne (CH); CoO 
NH, NH,;ONO 
H H 


— H,N=C—N—(CH,);—C—COO- + N; + H,0 
+ 


| 
NH; OH 


the sluggishness of the reactions which involved the splitting of 
nitrogen (as N:) from arginine nitrite, and this has since been 
noted also by Felix and Muller (10). The method of preparation 
may be illustrated by the accompanying scheme. 

A solution of 6.96 gm. of d-arginine hydrochloride and_ 5.57 


* For the microcombustions we are indebted to Dr. R. T. Milner and 
Mrs. H. 8. Sherman of Washington, D. C. 
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gm. of silver nitrite in 350 ml. of water was stirred mechanically 
for an hour. The precipitated silver chloride was removed by 
filtration. The filtrate, which was found by test to be chloride- 
free, was saturated with hydrogen sulfide to remove remaining 
silver ions. After the removal of silver sulfide, the solution was 
concentrated under reduced pressure to about 50 ml. Ethanol 
was added until the mixture was slightly turbid; from the cooled 
mixture there were obtained 2.16 gm. of crystalline arginine ni- 
trite. When ether was added to the mother liquor, there was ob- 
tained a second crop of 3.64 gm. Samples from both crops de- 
composed at 172-174°. The previously reported decomposition 
point was 160°. The theoretical yield was 7.3 gm. as compared 
with 5.8 gm. obtained. The product gave a positive test for 
nitrite with acidified potassium iodide. As a nitrite it also was 
found to reduce approximately the calculated amount of potas- 
sium permanganate. 

Of arginine nitrite, 4.3 gm. were utilized for the preparation of 
argininic acid. The nitrite was found unusually resistant to 
decomposition when heated in an aqueous solution. It was found 
necessary to heat it in a concentrated aqueous solution with the 
use of a glycerol bath held at 120-130° for 5 to 8 hours; addition 
during this period of 50 ml. of 0.1 a HCl was also necessary to 
insure completion of the action. After the heating, the solution 
was evaporated to dryness under reduced pressure. The residual 
solid was taken up in the minimum amount of warm water, and 
the solution was treated with absolute ethanol and chilled. The 
yield of crystallized product was 1.17 gm. and of a less pure res- 
idue in addition, 0.75 gm. A solution of a sample of this argi- 
ninic acid had a pH value of about 7.8. Tests for chloride and ni- 
trite ion were negative. 

This method for the preparation of 6-guanidino-a-hydroxy- 
valeric acid is not regarded by us as entirely satisfactory or as 
fully conclusive of the structure of the product. A method of 
synthesis would be preferable in which is avoided the decomposi- 
tion (14) of an amine nitrite grouping in a molecule having a 
guanidino substituent. However, estimations by the Van Slyke 
procedure indicated the presence in the product of 0.42 per cent 
or less of a-amino nitrogen; the total nitrogen found (micro- 
Dumas) was 23.6 per cent as compared with 23.9 per cent ¢ai- 








778 Activation of Enzymes. V 


culated. The product had in general the properties described 
by Felix and Muller. It was found also that the alkali-catalyzed 
hydrolysis of the compound yielded urea and ammonia and was 
comparable in rate with that of a number of other guanidino com- 
pounds. This is detailed in a later section. 

For present purposes the configuration of the a-carbon atom 


TABLE | 
Liver Arginase with 5-Guanidinovaleric Acid and with Argininic Acid 


Substrates are as follows: d-arginine hydrochloride, 5-guanidinovaleric 
acid, and argininic acid, in amounts designated; the enzyme is liver arginase 
solution (described earlier in the paper and in (2)), 2 ml.; buffer in Experi- 
ments 1 to 3, 5 ml. of phosphate (1 m, pH 7.45) and in Experiments 4 to 6, 
5 ml. of glycine (constituents as in Sérensen’s, 1 mM, pH 9.5); redistilled (in 
glass) water to a total volume of 20 ml.; caprylic alcohol, 2 drops; digestion, 
20 hours at 37°; urea in two-fifths of the reaction mixture estimated as 
usual (see an earlier section). The results are expressed as ml. of 0.02 n 
HCl equivalent to ammonia from the urea formed and hydrolyzed. 























ioe a anES | Se 
mg. mil. per cent 
1 7.45 d-Arginine hydrochloride 42 5.30 66 
2 7.45 6-Guanidinovaleric acid 32 0.00 0 
3 7.45 Argininic acidt 35 0.44 0 
4 9.5 d-Arginine hydrochloride 42 7.32 92 
5 9.5 6-Guanidinovaleric acid 32 0.00 0 
6 9. Argininic acidt 35 0.44 0 








* Appropriate controls were made throughout. When substrate was 
absent, or enzyme was heated at 100° before addition, the ml. of HC! were 
0.17 to 0.20. The values given have been corrected with these blanks. 
Total hydrolysis of two-fifths of the arginine hydrochloride used would 
produce urea ammonia equivalent to 8.00 ml. of 0.02 n HCI; of the 6-guani- 
dinovaleric acid, 7.83 ml.; of the argininic acid, 8.00 ml. 

t Determination-of a-amino N (Van Slyke) indicated that the argininic 
acid used contained sufficient d-arginine to yield ammonia equivalent to 
0.42 ml. of 0.02 n HCl. 





with respect to asymmetry was neglected. (The starting mate- 
rial for argininic acid was, as stated, d-arginine. In accordance with 
the more usual practice, the designation d-arginine has been used 
in our papers to refer to the “natural” enantiomorph.) 

Results of Hydrolysis Experiments—The details are recorded in 
Tables I to IV. 
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TABLE II 
Liver Arginase and Cobaltous Chloride with ’-Guanidinovaleric Acid and with 
Argininic Acid 
Substrates, those of Table land d-arginine nitrite; liver arginase solu- 
tion, 2 ml.; phosphate buffer (1 m, pH 7.45), 5 ml.; cobaltous chloride 
added where indicated; water to 20 ml.; caprylic alcohol, 2 drops; diges- 
tion, 3 hours at 37°; urea estimated and results expressed as in Table I. 


























Fagen [coca = emi | st 
mg. mg. ml, per cent 
1 d-Arginine hydrochloride 42 3.09 39 
2 2 — . 42 6.41 80 
3 re nitrite 44 3.10 39 
4 2 - 9 44 6.50 82 
5 5-Guanidinovaleric acid 32 0.00 0 
6 2 ” “ 2 0.00 0 
“eg Argininic acid* 35 | 0.30 0 
rx A | " ¥ 35 0.33 0 





* See foot-notes of Table I. 


TaBLe III 


Jack Bean Arginase and Cobaltous Chloride with 6-Guanidinovaleric Acid 
and with Argininic Acid 

Substrates, as indicated (see Table I); enzyme, crude jack bean urease, 
0.1 gm. (or crude crystalline urease of comparable argininolytic activity); 
buffer, in Experiments 1 to 4, 5 ml. of phosphate (1 mM, pH 7.45) and in 
Experiments 5 to 8, glycine (1 m, pH 9.50); cobaltous chloride added where 
indicated; water to 20 ml.; caprylic alcohol, 2 drops; digestion, 20 hours 
at 30°. After digestion, the mixture was diluted to 25 ml. and ammonia 
estimated in a 10 ml. portion as usual (see text). The results are expressed 
as in Table I. 


























Experi- 0.02 » HCl) Substrate 
ment pH | CoCl,- 6H20 Substrate* | neutral- | hydro- 
No. | | ised | lysed 

mg. | mg. | mi. per cent 
1 | 7.45 | | d-Arginine carbonate 45 | 0.45 5 
ae 8.) ee “ “ 45 | 7.76 89 
3 7.45 | 2 | 6-Guanidinovaleric acid 32 0.00 0 
4 7.45 2 Argininic acid* 35 0.06 0 
5 3.5 d-Arginine carbonate 45 2.16 25 
6 9.5 | 2 | a 45 4.03 46 
7 9.5 | 2 | 6-Guanidinovaleric acid 32 0.07 0 
Ss 9.5 2 Argininic acid* 35 0.44 0 








* See foot-notes of Table I. 
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From the results given in Table I, it is seen that under con- 
ditions similar to those more usually employed in this series of 
investigations, d-arginine in the presence of liver arginase was 
extensively hydrolyzed in 20 hours in reaction mixtures of pH 
7.45 or 9.5, while the hydrolysis of the closely related compounds, 
5-guanidinovaleric and argininic acids was quite negligible. Sim- 
ilarly, the data of Table Il emphasize that under conditions in 
which the arginase preparation used was normally activated in 
the presence of cobaltous ion so that d-arginine, introduced as 
hydrochloride or nitrite, was 80 per cent hydrolyzed in 3 hours 
at 37°, the two related guanidino compounds, in contrast, were 
not observedly changed. With jack bean argininolytic enzyme 
and cobalt chloride under conditions suitable for the extensive 
hydrolysis of d-arginine during 20 hours, there was observed no 
hydrolysis of the other two substrates (Table ITI). 

Since, however, from a chemical standpoint enzyme specificity 
probably is not an absolute characteristic but rather one of degree, 
it was considered desirable to test the specificity of liver arginase 
with these closely related analogues of arginine under extreme 
conditions; z.e., with 100 times the amount of enzyme usually em- 
ployed together with cobaltous and manganous salts, in favorable 
pH regions, and during a long digestion period. These procedures 
appeared, in a measure to “force” the enzymatic hydrolysis of 
5-guanidinovaleric and argininic acids. Table IV brings out that 
in 65 hours the former compound was hydrolyzed to the extent of 
8 to 14 per cent and the latter, 25 to 38 per cent. Contrarily, there 
has been effected, in less than one-twentieth of this time, with a 
greatly diminished amount of enzyme, the hydrolysis of d-argi- 
nine to the extent of 80 per cent of its initial concentration. The 
significance of these results will be discussed later. 


Hydrolysis of Guanidino Compounds in Alkaline Solution 


Non-Catalysis by Certain Heavy Metal Salts and Hydroxides— 
The ions, Fe**, Co**, Ni**, and Mn**, which have been consid- 
ered to participate through coordination in the enzymatic hy- 
drolysis of d-arginine do not of themselves function as catalysts in 
this process. These ions alone appear to be entirely devoid of 
catalytic activity under the conditions of this series of investiga- 
tions upon arginase. This is based upon the results of numerous 
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contvol experiments in which the enzyme was omitted in arginase- 
heavy metal salt studies. Equally without any striking effect are 
these ions or the hydroxides derived from them in the alkali- 
catalyzed hydrolysis of d-arginine. When, for example, there 


TABLE IV 


Specificity of Calf Liver Arginase: More Extreme Test with 
5-Guanidinovaleric and Argininic Acids 

Enzyme, liver arginase solution, 2 ml. (extract of 100-fold the dried 
arginase preparation usually used; 7.c., 11 gm. of powder extracted with 50 
ml. of water); buffer, 5 ml., of such strength that in the final reaction mix- 
ture (10 mi.), ionic strength, », equaled unity: in Experiments 1 and 3, 
phosphate of pH 7.4 and in Experiments 2 and 4 glycine of pH 9.2; activat- 
ing metal salt, CoCl,-6H.O (Co) or MnC!,-4H,O (Mn), 2 mg., as indicated; 
water to 10 ml.; caprylic alcohol, 0.1 ml.; toluene, 0.2 ml.; temperature 37°; 
time 65 hours. Digestion was carried out in aeration tubes and the estima- 
tion with urease was made for the urea in the entire mixture; the results are 
expressed accordingly. Substrates are as indicated (cf. Table I). In 
parallel experiments under similar conditions there was hydrolyzed 93 
per cent of an amount of d-arginine equivalent to the argininic acid or 
é-guanidinovaleric acid used in the tabulated determinations. 























“On Metal salt Substrate* Pas bol nie ~——— 
mg. mil. per cent 
1 Co 6-Guanidinovaleric acid 11.56} 0.58 Ss 
2 Mn o 11.24; 0.99 14 
3 Co Argininic acidt 13.1 1.90 25 
4 Mn - ‘a 13.1 2.89 38 














* Complete hydrolysis of the argininic acid would have produced urea 
ammonia equivalent to 7.60 ml. of 0.02 n HCl; for the 5-guanidinovaleric 
acid, 7.28 and 7.08 ml. of 0.02 wn HCl for Experiments 1 and 2 respectively. 

t The results have been corrected on the basis of appropriate controls. 
Under the conditions of these experiments the controls are larger than 
usual. The magnitude of the blanks is lowered when the procedure sug- 
gested in ‘‘Note on estimation of urea’”’ is followed. 

tSee ‘‘Preparation of argininic acid’’ and Table I. 


was added to a 0.005 m solution of d-arginine hydrochloride a 
nickelous or cobaltous salt followed by adjustment with sodium 
hydroxide to pH 8.5 or 9, after which the solution was permitted to 
stand at 37° for 3 weeks, a suitable test disclosed no hydrolysis of 
the guanidino acid. Moreover, manganous salts failed to effect 
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any hydrolysis of 0.008 m d-arginine dissolved in a 0.1 m glycine 
buffer of pH 8.5 when the mixture was held at 37° for 4 weeks. 

The rate of hydrolysis of d-arginine or guanidine in an alkaline 
solution becomes appreciable above pH 10.5 even when the reac- 
tion is observed at 35-40°. Under such conditions there is no 
observable change in rate in the presence of nickelous hydroxide. 

Hydrozyl Ion-Catalyzed Hydrolysis of d-Arginine and Other 
Guanidino Compounds—Observations were made with d-arginine 
hydrochloride, 6-guanidinovaleric acid, argininic acid, glycocyam- 
ine (guanidinoacetic acid), and guanidine. With each substance 
was prepared a solution 0.008 m with respect to the guanidino 
compound and 0.1 m with respect to potassium hydroxide. The 
solutions were kept in tightly stoppered, 1 liter Erlenmeyer flasks 
at 37.8° + 0.2°. Because of the low rate of the hydrolyses, these 
conditions were considered adequate for comparative purposes. 
As controls were used a solution of KOH (0.1 m) and solutions of 
the following, each of which was also 0.1 m with respect to KOH: 
0.008 m urea, 0.004 m ammonium sulfate (7.e., the salt was added 
to the solution of KOH), 0.008 m d-ornithine, 0.008 m glycine. To 
each of the solutions were added caprylic alcohol, 0.3 ml., and 
toluene, 0.3 ml. Hydrogen electrode determinations of the pH 
initially and after the final hydrolysis measurements showed all 
the values to be pH 12.58 + 0.02. 

At selected intervals two 10 ml. samples were taken from each 
flask. One sample was used at once for the determination of 
ammonia by aeration. The second sample was subjected to treat- 
ment with urease before aeration, the result giving total ammonia 
(t.e., free NH; + urea NH;). For this purpose, the sample was 
brought to pH 7.5 with HCl; 6 ml. of phosphate buffer (1 M, 
pH 7.49) and 0.05 to 0.10 gm. of crude urease were added, after 
which the mixture was held 2 hours at 30°. This was followed by 
the usual aeration procedure. The presence of urea in the hy- 
drolysis mixtures was shown also by tests with xanthydrol (crystal- 
lization of dixanthydryl urea). 

Results—The analytical data are summarized in Table V. It 
is seen that the determinations of urea were sufficiently accurate 
and that there occurred little or no loss of ammonia from the reac- 
tion flasks. There was formed no ammonia in the urea, glycine, 
or d-ornithine controls. Ammonia did appear in the reaction miz- 
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tures. Its absence in the urea, glycine, and d-ornithine controls 
indicated that the ammonia formed during the hydrolysis of the 
guanidino compounds was derived from some source other than a 
secondary decomposition of urea or a residual amine. Accord- 
ingly, it appeared likely that in addition to the main reaction 
leading to urea and an amine, there was occurring also a simul- 
taneous hydrolysis of the substituted guanidino compounds to 
yield ammonia and substituted ureas (e.g., citrulline from d-argin- 
ine). A similar hydrolysis of a substituted guanidine by two 
paths was studied by Neubauer (15) who found (ef. (16)) that the 
decomposition of creatine by hot barium hydroxide gave sarcosine 
and urea together with methyl hydantoin and ammonia. Like- 
wise, Schotté (17) found that creatinol, H,.N-—-C(==NH)—N(CH;) 
—(CH,)2OH, with wn alkali at room temperature yielded ammonia, 
urea, N-methyl-N,8-hydroxyethylurea, and N-methylaminoetha- 
nol. The data obtained in the present study have been analyzed on 
the basis of two concurrent reactions in each hydrolysis experiment. 
These statements are applicable to the substituted guanidino com- 
pounds and not to the case of guanidine, itself, of which the prod- 
ucts of controlled hydrolysis are solely ammonia and urea. 

Some data on the alkaline hydrolysis of guanidine were pre- 
sented by Bell (18); calculations based on these data indicate that 
the process studied by him was essentially pseudomonomolecular. 
The enzymatic hydrolysis of d-arginine under certain conditions 
has also been shown (2, 3) to proceed pseudomonomolecularly. 
The data of the alkaline hydrolyses of this investigation (treated 
as irreversible reactions) were tested by substitution in a first 
order equation. The rate of conversion of a substrate compound is 
formulated as —ds/dt = ks, whence k = (2.303/t) X (log a — 
log s), where k = reaction constant, a = initial substrate con- 
centration, and s= substrate concentration at time, ¢. 

The reaction constant k would equal the sum of the constants 
for the two simultaneous hydrolyses, the rate of each of which is 
dependent upon the substrate concentration. Thus, k = kh + 
ke, where k,; and kz are the reaction constants for the processes that 
lead to ammonia and to urea, respectively. The ratio of these 
reaction constants should be directly proportional to the ratio of 
the molar equivalents of the respective products of hydrolysis 
formed in the two processes at any time, ¢. 
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ky moles NH; formed 
ke moles urea formed 


The analytical results (Table V) are given in terms of ml. of 
0.0200 n HCl neutralized by ammonia. The values of a may be 
formulated conveniently in terms of ml. of 0.0200 n HCl equival- 
ent to the amount of guanidino compound initially present in 10 
ml. of a reaction mixture. For an 0.008 m solution, this would be 
0.00008 mole = 4.00 ml. of HCl. Of a substrate, the moles 
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hydrolyzed at time ¢ are equivalent to the sum of moles of NH, 
and moles of urea formed; this may be given in terms of the sum 
of A. (Table V), the ml. of 0.02 n HCI neutralized by NH;, and 
U., which is one-half the ml. of HCl neutralized by the urea NH; 


(obtained by urease hydrolysis). Thus, U. = } (T.A.—A.) and 
s=a — (A. + U.). T. A. = “total ammonia” in 10 mi. 


However, in the case of guanidine carbonate, a is taken alterna- 
tively as 4.04 ml. or as 12.11 ml., depending upon the choice of 
A. or T.A., respectively, as equivalent to moles of guanidine hy- 
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drolyzed at time ¢. This is permissible, since the hydrolysis of 
guanidine here may be considered to involve only the reaction 


HN=C(NH;), + H,O — NH; + O=C(NH,;), 


The data depicted in Table V and Fig. 2 disclose (1) pseudo- 
monomolecularity in the hydrolysis of each of the guanidino com- 
pounds, observed during a period of almost a month, (2) reaction 
constants (k) of the same order of magnitude in all cases (the 
magnitude of k for guanidine exceeding that for any of the sub- 
stituted guanidines studied), (3) comparable ratios for the 6-guan- 
idino-substituted acids of k,/k2, the reaction constants respectively 
for the ammonia- and urea-producing paths. 


DISCUSSION 


Certain aspects of enhancement of liver arginase activity in the 
presence of activating metal salts are emphasized in the several 
pH-activity curves (Fig. 1). In the presence of cobaltous or 
nickelous ion (but not of the potently activating manganous ion) 
there results a marked shift in the optimal pH zone for our prepara- 
tions of liver arginase, connoting a rather wide extension of the 
range of effective action into the more acid region. We consider 
it not improbable that this phenomenon reflects, in part, the 
relative ability of the postulated enzyme-metallous ions con- 
cerned to form coordinate bonds, for example, with appropriate 
groups of the substrate molecules.?2, This may approximate the 
corresponding behavior of the effective heavy metal ions, them- 
selves, which under certain conditions ((3) Fig. 3) have been 
found to follow, qualitatively, the order Nit* > Co** > Mn?**. 
Elsewhere, the matter has been elaborated in some detail (3). 
It is to be noted that relatively more emphasis is accorded the 
data summarized by the pH-activity curves in the less alkaline 
region than in the sections of higher pH value; this applies in 


* The discussion neglects the question of the relative stability of postu- 
lated donor-enzyme-metal complexes in different pH regions; it neglects, 
further, the effect of their varying stability upon the activity-pH relations. 
It may be stated that unpublished dialysis experiments in this laboratory 
strongly indicate a significantly greater stability (at pH 7) for cobaltous- 
or nickelous-arginase than for manganous-arginase (Richards, unpub- 
lished experiments). 
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particular to the detail of the manganous-enzyme curve in the 
alkaline region exceeding pH 9, since the controls in this region 
gave rather large blanks. 

The results of this study make apparent one factor underlying 
the differences in the pH-activity curves of arginase (and certain 
other (1) enzymes) as developed by different observers. Thus, 
the character and quantity of heavy metal activator ions present 
in the crude enzyme preparations employed must determine to 
some extent the characteristics of the activity curve. In conse- 
quence, it is not surprising that an activity curve (19, 20) evalu- 
ated for the arginase preparations used by Hunter and his col- 
laborators resembles somewhat the arginase-manganous curve 
presented here (Fig. 1). Of pertinence to the discussion are the 
experiences of various workers. Hunter and Morrell first (21) 
reported an optimum at pH 7.2, but later (19) amended their 
conclusions and placed the optimum at about pH 9.8. Hino 
(22) found the optimum for his preparation at pH 7.3 to 7.5, 
while Edlbacher and Bonem (23) reported pH 9.5 to 9.8; Edl- 
bacher and Simons later indicated an optimum near pH 9.0 
(24). 

The identity of the metallic component of, or coenzyme (1) 
that cooperates in vivo with, natural liver arginase is at present a 
matter of conjecture. There may be involved one or more of the 
heavy metal constituents of liver cells such as Fe** or Mn** or a 
metallo-organic entity.? Presumably arginase is a protein. Edl- 
bacher and Pinésch (27) now stress the significance of manganous 
ion for its activation (ef. (5)). 

Although intensive labor of fractionation will be required to 
gain further insight into the nature of arginase, the present posi- 
tion has permitted the construction of a useful working theory 
concerning a phase of its mode of action (1-3). Only certain as- 
pects need be stressed here. The most effective in vitro activators 


* The fact that d-ornithine in contradistinction to urea slows the rate 
of d-arginine hydrolysis in the presence of arginase is not surprising (cf. (25) 
p. 929). Practically, the hydrolysis is irreversible. The activity of the 
arginase itself doubtless is diminished by d-ornithine under certain condi- 
tions. A similar effect would not be anticipated for urea; suitable titra- 
tions demonstrate (26) that d-ornithine readily enters into metallo com- 
plex formation. 
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seem to be reduced ions of certain metals of the first transition 
series in the periodic table. The characteristics of inhibitions 
and reactivations of liver arginase suggest that catalysis by ar- 
ginase involves metal-coordinated complexes. Furthermore, the 
observations concerned with titrations of d-arginine in the pres- 
ence of certain heavy metal salts and the shifts in pH-activity 
curves together may be taken as an indication that the a-amino 
group of d-arginine may be concerned in the elaboration of dis- 
sociable catalyst-substrate complexes through metallo coordina- 
tion. Elsewhere this has been depicted on a crude, tentative basis 
(1). 

Our representation admittedly has been incomplete. For ex- 
ample, one requirement for effective arginase action appears to be a 
carboxyl anion in the substrate; esters of d-arginine are reported 
unattacked (7, 9, 23). It seems most probable that the carboxy! 
anion in addition to the a-amino group is involved in the orienta- 
tion of substrate to metallo-enzyme, somewhat similarly to its 
involvement in simpler a-amino acid metallo complexes. In 
addition, any complete picture must account more adequately for 
the importance of geometric configuration.‘ 

We have proposed (1, 2) that the modification of resonance 
((25) p. 1872) in the guanidinium ion of d-arginine might account 
most fundamentally for the unique action of the enzyme arginase. 
Earlier we diagrammed this as resulting from the formation of a 


* Compare the reported (28) non-hydrolysis of dl-e-guanidino-a-amino- 
eaproic acid (homoarginine). Arginase is not an effective catalyst in the 
hydrolysis of guanidine or certain simple derivatives (29), including 
y-gquanidinobutyric acid ((7, 23, 30), cf. (31) (25) p. 929)) regarding which 
conflicting statements have appeared. On the contrary, canavanine, 
*H,N=C—N (H)—O— (CH,).—-C(H)—CO0-, which from a purely struc- 


NH, NH; 
tural view-point is d-arginine in which a methylene grouping is replaced by 
hydroxylamino oxygen, is hydrolyzed (32) in the presence of a liver enzyme 
to urea and canaline. It is conceivable that the argininolytic enzymes are 
identical with the canavanases (cf. (3) foot-note 5). The properties of 
canavanases will be studied in this laboratory. Difficulties which have 
been experienced in the evaluation of results published by different authors 
in the field of enzyme specificity are often due to the omission of even a 
semiquantitative treatment of the relative efficiency of the enzyme with 
respect to the substrates considered. 
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coordinate link between metal ion and substituted guanidinium 
nitrogen. In the absence of supporting direct evidence we prefer 
now to submit only that the character of the resonance could be 
altered through some appropriate addition reaction involving the 
guanidino group and a grouping of the enzyme molecule. On this 
basis, the effect would involve a “weakening” of the bond shared by 
the ion’s central carbon atom and the substituted nitrogen atom 
(z.e., N attached to the side chain) and, possibly, a concomitant 
strengthening of the bonds with the other 2 nitrogen atoms, 
through intensified resonance involving them. An extended dis- 
cussion of this and alternative possibilities regarding the mecha- 
nism of arginase action would be premature. 

Assumptions concerning the rédle of the a-amino group of d-ar- 
ginine in the orientation of enzyme to substrate are supported by 
tests of the specificity of arginase. The results recorded in the 
experimental part strengthen the opinion that the a-amino group 
is required for the efficient functioning of the enzyme. The cata- 
lytic efficiency of arginase with d-arginine, on the one hand, and 
5-guanidinovaleric or argininic acid, on the other, is manifestiy of a 
very different order. As between the latter two substrates the 
action of arginase with argininic acid seems slightly more notice- 
able, owing possibly to an enhanced associating effect attributable 
to the a-hydroxyl group.* 

That arginase can be demonstrated, under extreme conditions, 
to display catalytic activity with these substances or with [-argi- 
nine (5) is not surprising in view of current concepts of enzymatic 
and general catalysis. For example, the postulated catalyst- 
substrate complex (ZS in Equation 1) is considered to be the 
species chiefly undergoing hydrolytic change with regeneration of 
enzyme (£). If certain guanidino compounds structurally re- 
lated to d-arginine may be assumed to enter into equilibria analo- 
gous to the process shown in Equation 1, the efficiency of the en- 
zyme with respect to their hydrolysis may be related importantly 
to the magnitude of the association constants. Thus, with the 
use of a relatively large amount of enzyme and a sufficiently long 


* It has been reported (7) that a,N-benzoylarginine is hydrolyzed under 
certain special conditions. Octopine is unhydrolyzed (33) in the presence 
of arginase or is noticeably attacked (34) after long reaction periods. The 
a-uramido derivative of d-arginine is attacked (20), but much less efficiently 
than the parent amino acid. 
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reaction time there might result measurable hydrolysis. Then 
in a special sense ‘‘specificity’”’ of the enzyme becomes a matter of 
degree. The advantage of a dissociable intermediate complex in 
which metallo-enzyme has been bound through coordination to 
the substrate’s a-amino group and carboxyl anion would reside 
not merely in the provision for favorable association of enzyme 
and substrate, but, further, in an accompanying strategic orienta- 
tion of the enzyme’s “working group” with respect to the guanidin- 
ium ion. 

The comparison of an enzymatic hydrolysis with a somewhat 
comparable non-enzymatic process has proved instructive. The 
salts of guanidines are ordinarily highly resistant to hydrolysis, 
even at elevated temperatures. Contrarily, the parent bases are 
more or less readily hydrolyzed with hydroxyl ion as catalyst. 


NH HNH 


H,N—-C—-NRH + OH- = | H,N—C—NHR 
| 
O- 


Intermediate ion 


7 ~-OH + NH; + H,N—C—-NHR 


4 
i 0 
+ H,O 
» -OH + RNH, + H.N—C—NH, 
\ O 


In this study, there was observed the controlled non-enzymatic hy- 
drolysis of d-arginine together with the like hydrolysis of a number 
of other guanidines, none of which is readily hydrolyzed with ar- 
ginase as catalyst. The results are given in the experimental sec- 
tion. In contrast to the striking specificity of the argininolytic 
enzymes, there has been revealed the similarity in the kinetics 
of alkaline hydrolysis of the entire series, including d-arginine. 
In contrast, also, to the experiences of a number of workers with 
the enzymatic process, which seemingly produces from d-arginine 
only urea and d-ornithine, there had to be considered two paths 
for the alkaline hydrolysis of substituted guanidines. This has 
been discussed earlier; it is illustrated by the accompanying dia- 
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gram which includes a schematic representation of the mechan- 
ism of the alkaline hydrolysis. 

This raises a question whether, in addition to its other unique 
attributes, most conspicuously, the efficient catalysis of d-arginine 
hydrolysis in the regions of hydrogen ion activity where the 
substrate is otherwise notably “‘stable,”*® arginase possesses the 
property of directing the course of the hydrolysis practically 


exclusively in one path. It may be stated that with specificity of . 


this character our suggestions regarding a possible correlation of 
the enzyme activity with alteration of resonance in the guanidin- 
ium ion of d-arginine seem entirely consistent. 


SUMMARY 


1. Exploratory activity-pH curves for certain preparations of 
liver arginase have revealed in greater detail some of the 
aspects of the enzyme action in the presence of heavy metal 
activator ions. The results are considered to indicate an im- 
portant source of divergence in pH-activity curves of certain en- 
zymes as developed by different workers. It is proposed that the 
data taken with other observations suggest the participation of the 
a-amino group of d-arginine in the orientation of enzyme to sub- 
strate through metallo complex formation. 

2. There has been investigated the specificity of arginase, par- 
ticularly in relation to the réle of the a-amino group of d-arginine. 
In this connection are described modifications in the preparation 
of 6-guanidinovaleric and argininic acids. The question has been 
raised to what extent enzyme specificity may be a matter of degree 
rather than an absolute property. 

3. A comparison has been made of the characteristics of the en- 
zymatic hydrolysis of d-arginine and of the controlled alkaline 
(non-enzymatic) hydrolysis of d-arginine, 5-guanidinovaleric acid, 
argininic acid, glycocyamine, and guanidine. The results have 
disclosed important distinctions in the differently catalyzed proc- 
esses. The unique qualities in the action of arginase are dis- 
cussed in relation to an idea which visualizes a correlation of the 


* The stability to hydrolysis of the salts of guanidine and certain of its 
derivatives, in contrast to the parent guanidino bases, has been attributed 
to a high degree of resonance in the symmetrical guanidinium ions. 
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enzyme action with the alteration of resonance in the guanidinium 
ion of d-arginine. 
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An electrodialytic method for the determination of total base 
in serum and other biological fluids has been recently described 
by Keys (5), whose procedure is based on the earlier work of 
Stoddard (7) and Adair and Keys (1). Mercury within a cylindri- 
cal cathode vessel is separated from the material to be analyzed 
by acellophane membrane. As the electric current is transported, 
the diffusible cations form an amalgam, which is allowed to react 
with standard acid. Upon completion of the electrodialysis, the 
acid within the cathode vessel is titrated with standard alkali. 
The total base in the sample is estimated as equivalent to the 
displaced hydrogen. Determination of total base by this method 
is rapid and eliminates the ashing required in the Fiske (3) and 
Stadie-Ross (6) methods. 

A modification of the Adair-Keys method is here presented by 
which the total base and chloride are simultaneously determined 
in the same sample of serum. An anode chamber, separated by 
a cellophane membrane from the middle chamber containing the 
serum, is added to the system. After electrodialysis, the total 
base in the cathode chamber is determined as in the Adair-Keys 
method, and the chloride, collected in the anode chamber free 
of protein, is determined by the Volhard method (10). 

The successful quantitative determination of chloride by elec- 
trodialysis depends upon the use, in the anode chamber, of a 
reducing agent to prevent the oxidation of chloride ion into free 
chlorine which would escape. Control analyses showed that, in 
the absence of such a reducing agent, up to 50 per cent of the 
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chloride might be lost. The reducing agent completely prevents 
loss of Cl~ and 100 per cent recovery is possible. It was found 
that glucose in dilute acetic acid served admirably as the reducing 
agent to be used in the anode chamber. 

A somewhat similar method of electrodialysis has been employed 
by di Benedetto (2), who was able, however, to effect only partial 
recovery of base. 


Apparatus and Procedure 


The apparatus employed is illustrated in Fig. 1. It consists 
essentially of three vessels, a beaker (A), about 14 inches in 
diameter, which serves as the anode vessel, and two concentric 
cylinders (B and C), respectively about § inch and j inch in 
diameter. The latter are arranged as in the illustration, the 
larger cylinder supported in the beaker by wire attached near the 
upper end, while the smaller cylinder can be suspended in the 
larger by the same means. The anode solution contains dilute 
acetic acid, as electrolyte, and glucose, added to reduce any free 
chlorine at the anode. The larger cylinder contains the material 
to be analyzed, while the smaller one is the cathode vessel. The 
lower end of each cylinder is enclosed by a cellophane membrane. 
A square piece of du Pont’s No. 300 cellophane is moistened in 
water for a few minutes, then dried, and stretched tightly over 
the end of the cylinder. After the membrane is held firmly in 
place for a short time, the upper edges are trimmed with a sharp 
knife or scalpel, and are fixed to the cylinder by means of col- 
lodion. 

An electrodialysis is carried out in the following manner. 
Approximately 5 ec. of electrolyte solution are introduced into 
the anode vessel. We have used 0.05 N acetic acid plus 3 per cent 
glucose for this purpose. Approximately 0.5 cc. of purified mer- 
cury is introduced into the cathode vessel and covered with 2 ce. 
of 0.1 N hydrochloric acid. A platinum cathode makes contact 
with the mercury. 0.5 cc. of serum or unknown solution is 
pipetted into the larger cylinder, and is diluted with about 5 ce. 
of water. The concentric cylinders are then suspended in the 
anode vessel, a platinum anode is inserted into the anode solution, 
and electrolysis is permitted to proceed. 110 volts direct current 
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are used, passing through an external resistance of about 1000 
ohms. The electrodialysis is carried out for about 1 hour, at the 
end of which time the anode and cathode vessels are removed 
and their contents titrated. The anode solution, as well as the 
cathode solution, is protein-free, and chloride can be determined 
without the necessity of ashing. 
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Fia. 1. Electrodialysis apparatus 


Analysis 


Total base is determined by titration of the contents of the 
cathode vessel with standard alkali, a burette graduated to 0.05 
ee. being employed. A convenient concentration of standard 
alkali is 0.025. The total base expressed in milliequivalents per 
liter of serum is given by the expression 


1000 


Total base = O58 (0.2 — 0.025 & ec. NaOH) 











798 Total Base and Chloride 


Chloride is determined by titrating the contents of the anode 
vessel according to the Volhard method (10). It is precipitated 
as silver chloride by the addition of 1 cc. of 0.15 N silver nitrate. 
After removal of the precipitate by filtration the excess silver is 
titrated with 0.02 N potassium thiocyanate, with ferric alum as 


TABLE I 
Comparison of Total Base and Chloride As Determined by 
Independent Methods 


The figures represent the mean values and standard deviations of a 
series of determinations. The results are expressed in milliequivalents 
per liter. 


Horse serum | No. of determinations Base Chloride Method 





A 16 154.5 +0.7 | 104.34 0.3 | Electrodi- 
| alysis 
6 | 152.74 0.7 | 104.54 0.2 | Ashing* 

A + 0.5 ce. | 6 205.2 +0.7 | 154.24 0.4 | Electrodi- 
0.05 n NaCl alysis 


| 204.540.7 | 154.3 + 0.3 | Calculated 





B 12 | 151.6+0.8 | 1083.040.5 | Electrodi- 
alysis 
6 | 149.5+0.7 | 103.0+ 0.4 | Ashing* 
A 16 | 162.04 0.6 | 107.04 0.4 | Electrodi- 
| | alysis 
16 Base | 161.0+0.7 | 106.8+0.4 | Ashingt 
6 Chloride) 


| 





* Base was determined by the Stadie-Ross (6) procedure on 0.5 cc. sam- 
ples; chlorides by the Wilson-Ball (11) method on 0.5 cc. samples. 

t Base was determined as in the Stadie-Ross procedure, except that 15 
ce. samples were analyzed. 


indicator. Chloride expressed as milliequivalents per liter is 
calculated from the equation 


1000 
Chloride = 08 (0.15 — 0.02 X ee. KCNS) 


Results 


The results of a number of analyses of serum are given in Table 
I, and are compared with analyses according to standard methods. 
The Stadie-Ross (6) procedure was employed for base, and chlo- 
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rides were determined by means of Wilson and Ball’s modification 
of Van Slyke’s wet ashing method (8, 11). As Table I indicates, 
the chloride determinations are in very good agreement with the 
results of the ashing method. The results for total base appear 
to be approximately | per cent higher on the average than those 
obtained by the Stadie-Ross procedure. Similar results have 
been obtained by Consolazio (personal communication), who has 
compared total base determined by the Adair-Keys method with 
that determined by Hald’s benzidine sulfate method (4). He finds 
the results of the electrodialytic method to be in good agreement 
with the gasometric method of Van Slyke, Hiller, and Berthelsen 
(9), both methods yielding somewhat higher values for total base 
than those obtained by the analysis of benzidine sulfate. The 
evidence thus points to a real but not serious discrepancy between 
the results of the two determinations. The source of this small 
error is as yet undetermined. 


SUMMARY 


A modification of the Adair-Keys electrodialytic method for 
total base is described by which both total base and chloride of 
serum are simultaneously determined on the same sample. 
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Hexamethyl 6-glucosidogalac- 


tose: Methylglycoside of, | 


methyl ester of aldobionic 
acid hexamethyl methylgly- 
coside, relation (LEVENE, 
Meyer, and Kuna) 703 
Hexamethyl 
Methy] ester, aldobionic acid, 
catalytic reduction to meth- 
yiglycoside of hexamethyl 


methylglycoside: | 


6-glucosidogalactose (Lxrv- | 


ENE, Meyer, and Kuna) 
703 
Hexose(s): Uronic acids con- 
version (LEvVENE and Tip- 
SON) 345, 355 
(LEVENE, 
Kuna) 703 


Meyer, and. 


Histidine: §-l-Aspartyl-l-, /-car- | 
nosine precursor (pu VI- | 


GNEAUD and Hunt) 269 


tor (RirrENBERG, KeEsToN, 
SCHOENHEIMER, and Fos- 
TER) 1 


I 


(EcksTEIN) 107 | Inflammation: Pleural exudates, 


cellular proteinase and pep- 
tidase activity (Wertss, Kap- 


LAN, and Larson) 247 
J 
Jack bean: See Bean 
K 
Ketene: Diphtheria toxin, action 
(PAPPENHEIMER) 201 
Ketosis: (Dever, HALLMAN, 
Murray, and HILurarp) 


79 
Kidney: Aminopropionic acid de- 
amination, oxidative (Rop- 
NEY and GARNER) 209 

See also Nephrectomy 


L 


Lactalbumin: Cystinuria, metab- 
olism (KasseLL, CAHILL, 
and Branp) 423 

Reduced, cystinuria, metab- 
olism (Kasse.u, CAHILL, and 


BRAND) 423 
Sulfur distribution (KAssELL 

‘ and Branp) 435 
Lactate: Blood, determination 
(EpWARDs) 571 


Leucocyte: See Blood cell, white 


Hydriodic acid: Protein hydrolysis | Lignin: Wheat straw (PHILLIPs 


(Kassevt and Branp) 145 
Hydrochloric acid: Gastric juice, 
chloride, neutral, relation 
(HOLLANDER) 161 
Hydrogen: Stability, amino 


acids, deuterium as indica- 


and Goss) 241 
Lipid(s): Nerve, arteriosclerosis 
and diabetes, effect (Ran- 


DALL) 723 
Spleen, blood clotting inhibi- 
tor (CHARGAFF) 677 














Subjects 


Lipid(s)——continued: 
Tubercle bacillus (ANDERSON, 
Loturop, and CREIGHTON) 
299 
Unsaponifiable, sterol metabo- 
lism, effect (Eckstern) 99 
Unsaturated, sterol metabo- 
lism, effect (Eckstein) 99 
Lipoprotein(s): Protamine salts, 
phosphatides, relation 
(CHARGAFF) 661 
Liver: Aminopropionic acid de- 
amination, oxidative (Rop- 


NEY and GARNER) 209 
Arginase, activation, metal 
ions, réle (HELLERMAN and 
StTock) 771 
Cholesterol, yeast-containing 
diets, nephrectomy, effect 
(HORTENSTINE, CHANUTIN, 
and LupEwie) 455 
Fatty acids, total, yeast- 
containing diets, nephrec- 


tomy, effect (HorTENSTINE, 
CuanvutTin, and Lupewre) 
455 
Lung: Inflammatory exudates, 
cellular proteinase and 
peptidase activity (Werss, 
KapLAN, and Larson) 247 
Lysergic acid: Isomer, struc- 
ture (CRAIG, SHEDLOVSKY, 
Gou pn, and Jacoss) 289 
Structure (CRAIG, SHEDLOV- 
sky, GouLp, and Jacoss) 
289 


M 


Mannose: d-, metabolism 
(Dever, Hatieman, Mur- 
RAY, and HIL.iAarp) 79 

Metabolism: Amides, green 
plants (Vickery, PucHeEr, 


815 


LEAVENWORTH, and WaAKE- 


MAN) 527 
Fat, B vitamins and (Mc- 
Henry and Gavin) 653 


Intermediary, deuterium as 


indicator (RirrTeNnBERG, 
KESTON, SCHOENHEIMER, 
and Foster) l 
(Foster, RirrensereG, and 
SCHOENHEIMER) 13 
(ANCHEL and SCHOEN- 
HEIMER) 23 


Sterol (EcksTEIN) 99, 107 
Metal ions: Liver arginase ac- 
tivation, réle (HeELLERMAN 
and Stock) 771 
Methionine: Proteins, determina- 
tion (Kasse_t and Branp) 

145 

Methylcysteine: N-, and deriva- 
tives (BLocn and CLARKE) 
275 

Monocyte: Proteinase and pepti- 
dase activity, pleural exu- 
dates (Weiss, KAPLAN, and 
LARSON) 247 


N 


Nephrectomy: Liver total fatty 
acid and cholesterol, yeast- 
containing diets, effect (Hor- 
TENSTINE, CHANUTIN, and 
LupEWIG) 455 

Nerve: Lipids, arteriosclerosis 
and diabetes, effect (Ran- 
DALL) 723 

New-born: Thyroid thyroxine, 
microdetermination (Pat- 
MER, LELAND, and GuTMan) 

615 

Nicotinamide: Urine, determina- 
tion (Vi_TeR, Spres, and 
MATHEWS) 85 














816 Index 


Nicotinic acid: Urine, determina- 
tion (ViILTER, Spies, and 
MATHEWS) 85 

Nucleic acid: Pneumococci, iso- 
lation (THOMPSON and 
DuBos) 65 

Nucleoprotein: Pneumococci, iso- 
lation (THompson~ and 
Duos) 65 


Oo 
Oil: Cod liver. See Cod liver oil 
P 


Papain: Sulfur distribution (Kas- 
SELL and BrRanp) 435 
Paralysis: -Preventing factor, 


chick (Jukes and Bascock) | 


169 

Peptidase: Inflammatory exu- 

dates, pleural, activity 

(WEIss, KAPLAN, and 

LARSON) 247 
Peptide(s): (Dunn and Ross) 

309 


Cystinyl, physical chemistry 
(GREENSTEIN, KLEMPERER, 
and Wyman) 515 

Perchloric-acetic acid: Amino 


acid titration, use (ToEN- | 


NIES and CALLAN) 259 
Phosphatide(s): Protamine salts, 
lipoproteins, relation (CHAR- 


GAFF) 661 
Tubercle bacillus, human 
(ANDERSON, LoTHROP, and 
CREIGHTON) 299 


Phosphotungstic acid: Ascorbic 


tometric, use (KASSELL and 
BRAND) 115 
Cystine determination, pho- 
tometric, use (KassELL and 
BRAND) 115 
Disulfide compounds, reaction 
rate (KAssELL and Branp) 
131 

Sulfhydryl compounds, reac- 
tion rate (Kasse_ti. and 


BRAND) 131 
Photodynamic action: (SMETANA) 
741 


Plant(s): Green, amides, metab- 
olism (Vickery, PucHer, 
LEAVENWORTH, and WaAKE- 
MAN) 527 

Pneumococcus: Fractions, ultra- 
violet absorption spectra 


(Lavin, THompson, and 
DuBos) 75 
Nucleic acid isolation (THomp- 
son and Duos) 65 


Nucleoprotein fractions, isola- 
tion (THompson and Dv- 
BOS) 65 
Potassium: Blood serum, glu- 
cose injection effect (FLock, 
BoLLMAN, Mann, and Ken- 
DALL) 57 
Pregnancy: Blood serum gonado- 
tropic hormone, chemistry 
(BiscHoFF) 697 
Urine pregnanetriol, structure 
(OpELL and MaRRIAN) 333 
Pregnanetriol: Urine, pregnancy, 
structure (ODELL and 
MARRIAN) 333 


acid determination, photo- Propionic acid(s): Amino-, deam- 
metric, use (Kasse_t and 
BRAND) 115 


Cysteine determination, Pho- | 


ination, oxidative, liver and 
kidney tissues (RopNey and 
GARNER) 209 














Subjects 


Protamine(s): Blood clotting, ef- 


fect (CHARGAFF) 671 
Salts, phosphatides, lipopro- 
teins, relation (CHARGAF?) 
661 


Protein(s): Cysteine determina- 
tion (Kasse_tt and Branpb) 


145 | 
Lipo-, protamine salts, phos- 
phatides, relation (CHaAR- 
GAFF) 661 
Methionine determination 
(Kasseii and Branp) 
145 
Monolayers (Harkins and ANn- 
DERSON) 369 
Sulfate determination (Kas- 
SELL and Branp) 145 
Sulfhydryl groups (GREEN- 
STEIN ) 501 
Proteinase: Inflammatory exu- 
dates, pleural, activity 
(Weiss, Kaptan, and Lar- 
SON) 247 
Pyridine: -Like substances, urine, 
determination (VILTER, 


Spires, and MatHews) 85 
Pyruvic acid: Utilization (FLock, 
Bo_utmMaN, and Mann) 49 
Yeast utilization (SmyTHE) 
635 
R 


Rhubarb: Leaf, amides, metabo- 
lism (Vickery, Pucuer, 
LEAVENWORTH, and WaAKE- 
MAN) 527 

Riboflavin: Body fat, effect (Mc- 
Henry and Gavin) 653 

Rice: 
fat, effect 
GAVIN) 


Polish concentrate, body 
(McHenry and 
653 


817 


Ss 


Saccharoid(s): Blood, diet and 
drugs, _ relation (SMELO, 
Kern, and Draskin) 461 

Determination (Sme.o, Kern, 
and DRaABKIN) 461 

Sitosterol: Triacety]-d-galacturo- 

nide, methyl ester, synthesis 


(Secu and Linx) 235 
Sodium: Determination, colori- 
metric (WOELFEL) 219 


Spleen: Lipid, blood clotting in- 


hibitor (CHARGAFF) 677 
Sterols: Balance, dietary fat 
effect (ECKSTEIN) 107 


Hair, dietary fat effect (KNex- 

STEIN) 107 

Metabolism, lipids, saponifi- 

able and unsaturated, effect 

(EcKsTEIN) 94 

Stomach: Gastric juice, neutral 

chloride-hydrochloric — acid 

relation (HOLLANDER) 161 

Sulfate(s): Proteins, determina- 

tion (Kasse_y and Branp) 

145 

Sulfhydryl compounds: Phospho- 

tungstic acid reaction rate 
(KasseLtt and Branp) 

131 

Sulfite reaction rate (KasseLL 

and Branp) 131 

Sulfhydryl groups: gg albumin 
solutions (GREENSTEIN) 

501 

Sulfite: Disulfide compounds, re- 


action rate (Kassetut and 
BRaANbD) 131 
Sulfhydryl compounds, reac- 
tion rate (Kasse.. and 
BRAND) 131 





818 


Sulfur: Casein, distribution 
(Kassett and Branp) 435 
Edestin, distribution (KasseLi 
and Branp) 435 
Lactalbumin, 
(Kassett and Branp) 


distribution | 


Index 


Uricase: Dogs (KLEMPERER, 
TRIMBLE, and HastTina@s) 

445 

Urine: Pyridine-like substances, 

determination (VILTER, 

Spires, and MatHews) 85 


435 | Uronic acid(s): Hexoses, conver- 


Papain, distribution (KasseLi 
and Branp) 435 


T 


Thiamine: Body fat, effect (Mc- 
Henry and Gavin) 
Thyroid: Thyroxine microdeter- 
mination, new-born (PaL- 
MER, LELAND, and GuTMAN) 
615 
Thyroxine: Thyroid, new-born, 
microdetermination (Pat- 
MER, LELAND, and GuTMAN) 
615 
Triacetyl-d-galacturonide: Chol- 
esterol, methyl ester, syn- 
thesis (Settand Linx) 235 
Ergosterol, methyl ester, syn- 
thesis (SeLtt and Linx) 235 
Sitosterol, methyl este: syn- 
thesis (Seti and Linx) 235 
Trimethyl /J-galactonic acid: 
3,4,5-, preparation (Trp- 
SON) 341 
Tryptophane: Casein, determina- 
tion (SuLuivan, MILONE, 
and Everitt) 471 
Tubercle bacillus: Human, phos- 
phatide (ANDERSON, Lo- 
THROP, and CREIGHTON) 
299 


U 


Urease: Molecular weight (Sum- 
NER, GRALEN, and ERIks- 
SON-QUENSEL) 37 


653 | 


sion (Levene and Trpson) 
345, 355 

Meyer, and 
703 

Esters, synthesis 
451 


(LEVENE, 

Kuna) 
Ursolic acid: 

(Seti and Kremers) 


Vv 


Veratrine: Alkaloids (Jacoss and 
CRralIG) 625 
Vitamin(s): A, cod liver oil, na- 
ture (TiscHER) 475 
Antihemorrhagic, properties 
(Kiose, AwLmguist, and 
Meccui) 681 
B, fat metabolism and (Mc- 
Henry and Gavin) 653 

B,. See also Thiamine 

B,. See also Riboflavin 
K, properties (Kiose, ALmM- 
quist, and Meccuar) 681 


WwW 


Wheat: Straw, lignin (PHILLIPs 
and Goss) 241 


Y 


Yeast: Dietary, liver total fatty 
acid and cholesterol, ne- 
phrectomy, effect (Hor- 
TENSTINE, CHANUTIN, and 
LuUDEWIG) 455 

Pyruvic acid utilization 
(SMYTHE) 635 
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